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WILD SPECIES-HYBRIDS IN THE 
PHANEROGAMS. IIT? 


H. H. ALLAN 
Dept. of Scientific and Industrial Research, Wellington, New Zealand 


INTRODUCTION 


When the previous article was published in 1937 it was necessary 
to argue that wild species-hybrids provide important material for 
taxonomic, genetic and evolutionary studies. The decade just past 
has shown a growing recognition of this, and important papers have 
appeared showing the value of combining studies of wild hybrids 
with work in the experiment garden. The upset of the war period 
has made it impossible, especially to one in ati isolated country, to 
follow all the work in this field, and valuable contributions may 
have missed notice in this supplement. It is hoped, nevertheless, 
that the review will serve a useful purpose. The different fields of 
work have so interacted upon one another that it is no longer 
possible or desirable to confine discussion merely to field observa- 
tions. The synopsis serves to show that the -e has been definite 
progress towards that desired rapprochment between workers in 
diverse fields. 

. FIELD OBSERVATIONS 


These serve to provide indications of suitable subjects for more 
intensive studies. While no attempt is made here fully to cover 
the mass of observations the world over, it is hoped that a sufficiently 
representative selection has been given. 


Field studies were published at various times in the decade on the 
following genera: 


Agropyron x Elymus x Hordeum Ambrosia (172) 
(196) Anagallis (136, 154) 
Agropyron x Elymus x Sitanion (195) Aster (177) 
Agrostis (161), accepting the natural Balsamorhiza (157) 
occurrence of A. stoloniferax Poly- Bromus (125), confirmed experimen- 
pogon monspeliensis. tally. 
Alnus (56) Carex (175) 
1 Supplement to article in The Botanical Review 3: 593-615. 1937. 
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Carmichaelia (179), no evidence of 
hybridism. 

Ceanothus (141), degree of fertility 
of hybrids accepted as an index of 
relationship between the parental 


species. 

Celmisia (138); (180), doubtful hy- 
brid, apparently sterile, with 
Olearia. 

Centaurea (163) 

Centaurium (91) 

Cephalanthera (160) 

Chaenactis (199) 

Coriaria (156), forming a complete 
linkage between the seven species 
recognized. 

Cornus (26, 164, 165), yielding a di- 
versity of fertile offspring. 

Dactylorchis (197) 

Danthonia (213) 

Elymus x Agropyron x Sitanion (195) 

Elymus x Agropyron x Hordeum 
(196) 

Epilobium (198) 

Epimedium (184), crossing with Van- 
couveria takes place in gardens but 
doubtfully in the wild. 

Eucalyptus (28, 140) 

Haastia (139) 

Hevea (64) 

Hordeum x Agropyron x Elymus 
(196) 

Leucogenes (2), sterile hybrids with 
Raoulia. 

Malus (142) 

Mentha (119), regarding the Swedish 
forms of gentilis as “ein 
Schwarm von Abkémmlingen aus 


der Kreuzung M. arvensis x spi- 
cata”. 

Olearia (180), doubtful hybrid, ap- 
parently sterile, with Celmisia. 

Oryzopsis x Stipa (120) 

Oxalis (174), after prolonged search 
found no satisfactory evidence of 
natural hybridism in South African 
species, though opportunity by 
proximity is not infrequent. 

Parthenium (169), 162 hybrids from 
immediate crosses in nature were 
identified from a greenhouse popu- 
lation of some 205,000 plants grown 
from seeds collected in the wild. 

Pedicularis (171) 

Poa (124) 

Populus (172) ; (123), discusses con- 
trolled F: progeny derived from F: 
individuals arising from a natural 
cross between Populus alba and P. 
grandidentata. 

Potamogeton (202) 

Prunus (176), between an indigenous 
and a naturalized species. 

Quercus (134) 

Raoulia (2), 
Leucogenes. 

Salix (71, 78) 

Sitanion x Agropyron X Elymus (195) 

Solidago (77, 95) 

Sonchus (24) 

Stipa (135) x Oryzopsis (120) 

Vancouveria (184), crossing with 
Epimedium takes place in gardens 
but doubtfully in the wild. 

Verbena (143) 

Viola (198) 


sterile hybrids with 





RELATION TO TAXONOMY 


Whether the taxonomist has any concern with hybridization, 
either in the wild or in the experiment garden, has been debated. 
Bremekamp (26) argues that the taxonomist “is not interested in 
the origin, but in the characters of his plants”. Allan (4) affirms 
that the study of wild hybrids is an essential aspect of taxonomic 
work and that purely observational work can yield information on 
material likely to be useful in more detailed and experimental studies. 
The widespread nature of wild hybridism in the flora of New Zea- 
land, and the occurrence of multiform hybrid swarms is illustrated. 
Bremekamp (27) reiterates that for purposes of classification it is 
not the origin that counts but the character complex. Uittien (204) 
considers that for taxonomy hybrids do not exist, since taxonomy 
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and its nomenclature are based on morphology, not on parentage. 
Fosberg (82, 83) vigorously combats the views of Bremekamp and 
Uittien, He maintains that genetics is one of the fundamental bases 
of the new experimental taxonomy, with systematic hybridization as 
its most powerful tool. He considers that one who “refuses to 
indicate hybridism is either over-cautious, or has never worked on 
a group of plants which produces hybrid swarms”. Gilmour and 
Turrill (92) insist that the taxonomist must as far as possible con- 
sider all the attributes of living things, of which hybridism is one. 
There should be a proper taxonomic treatment of hybrids. Mur- 
beck (146) agrees that hybridization must be considered in the de- 
limitation of species, and gives instances in Arctium, Celsia, 
Potentilla, Verbascum and Viola. Palmer (159) says that “the 
plea that species should be defined on the basis of genetic relationship 
is commendable. That is what taxonomy attempts to do”. 

Arwidsson (16) lists for the region studied hybrids in Betula, 
Cerastium, Draba, Juncus, Ranunculus, Rubus and Salix. He also 
admits seven hybrids in Carex (40 species present) but points out 
that many supposed Carex hybrids are abnormal forms attacked by 
Cintractia. Camp (31-34) discusses hybrids in Gaultheria and 
Pernettya (and between the two genera), hybrid swarms in Befaria, 
and the nomenclatorial problems involved. “Such so-called ‘species’ 
are met with all too frequently in the Ericales in such genera as 
Befaria, Rhododendron, Gaultheria, Pernettya, and Vaccinium”. 
In Crataegus he advises caution until the genetic structure is better 
known. In a useful discussion of “The herbarium in modern 
systematics” he remarks, “The day of the taxonomist who putters 
alone in his herbarium with an other-worldly stare is done. He must 
shed his robe of academic classicism and seclusion, brush off the ac- 
cumulated dust of the centuries, and come face to face with the 
dynamics of living populations”. 

Chaytor (37) lists 23 hybrid forms in Lavandula and remarks, 
“that morphologically different plants may have had the same 
species as their immediate or original parents is to be explained by 
the intra-specific variation of several of the more widespread species 
and by the probable occurrence of segregation and back-crossing”. 
Cugnac (57-59) continued his studies on Bromus, reproducing a 
form that “has been extinct for about 50 years”. Fassett (68), in 
populations of Linaria, found internal barriers to hybridization and 
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recognized only one doubtful hybrid. Fassett (71-75) also studied 
in some detail three species of Juniperus, including hybrid swarms. 
The examination of large collections of material showed that 
“Colonies in the east are pure J. virginiana; in Kansas occasional 
plants show a slight tendency toward J. scopulorum; in Nebraska 
this tendency is stronger; in the Bad Lands of South Dakota 
colonies show a completely scrambled mixture of characters of the 
two, then grade off to pure J. scopulorum in the west”. The re- 
sultant complex is ascribed to recent and more ancient meetings. 
He recognizes two varieties of J. virginiana and two of J. scopu- 
lorum, but one in each species is perhaps a hybrid with J. hori- 
zontalis. 

Griesinger and Klinkowski (106) record four spontaneous in- 
terspecific hybrids in Ornithopus, linking four of the five recognised 
species. Failure to produce hybrids experimentally is attributed 
to faulty technique. Howard and Manton (114) show that the 
wild triploid Nasturtium officinale is a hybrid between the wild 
diploid and tetraploid. The name N. officinale is restricted to the 
diploid, and a new name N. uniseriatum is given to the wild allo- 
tetraploid. Johnson (120) found that the type specimens of 
Oryzopsis bloomeri and of O. caduca show that these “species” 
are hybrids between O. hymenoides and Stipa occidentalis and S. 
viridula, respectively. Kramer (129), studying natural popula- 
tions of guayule and mariola, found evidence of interspecific hy- 
bridization. Lewis and Epling (133) give field and experimental 
evidence that Delphinium gypsophilum, a constant diploid species, 
arose from the crossing of D. recurvatum and D. hesperium. Nann- 
feldt (147, 151) discusses a sterile hybrid between Poa supina and 
P. annua and its distribution. 

Nygren (155) synthesized Calamagrostis purpurea both by col- 
chicine treatment of C. canescens and by crossing C. canescens with 
C. epigeios. Apomixis is attributed to the combination of comple- 
mentary genes in the hybrid zygote. Palmer (159) considers that 
hybrids undoubtedly occur in Crataegus, all species probably being 
potentially inter-fertile, but hybridization is greatly restricted by 
certain physiological and physical factors. Polunin (162) adopts 
a cautious attitude as regards supposed Carex hybrids, and a 
cautious attitude in general. Rollins (170) found that crosses 
linking five species of Parthenium were easily obtained. Stebbins 
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(190) gives evidence that Bromus arizonicus is an allopolyploid 
derived from the crossing of B. henkeanus and B. trinti. Stebbins 
and his co-workers (195, 196) describe artificial and natural hy- 
brids in the Hordeae, the experimental supporting the field evi- 
dence. Intergeneric hybrids involving the linking of Agropyron, 
Elymus, Hordeum, and Sitanion are described. Nomenclatorial 
problems are discussed, and it is considered that the results indicate 
the need for a drastic revision of the taxonomy of the tribe. 

Frandsen (86), crossing Brassica campestris and B. nigra, ob- 
tained amphidiploids. The data obtained supported the view that 
B. juncea may be an amphidiploid hybrid of natural origin. Stock- 
well and Richter (200) discuss the status of Pinus attenuata and 
P. radiata in view of the occurrence of fertile F, and F, hybrids. 
Camp (35) states that “no effective sterility barriers exist between 
the populations of Cinchona in the Andes of Ecuador”; where they 
now chance to meet, complete series of intergrades usually occur. 
Some have given rise to extensive secondary independently repro- 
ducing groups. There is an intergrading of both morphological 
and biochemical characteristics. Cleland (49) points out the diffi- 
culties that face the taxonomist dealing with Oenothera, and gives 
analyses of several “races” from the cytogenetic point of view. He 
considers that there is strong suggestion “that hybridization has 
played an important role in the production of the various races”. 
Through natural crossing, diverse complexes have been brought 
together. Many of these hybrids have bred true, owing to the 
lethals present, and have become established as the true breeding 
races or species. We are confronted, therefore, with the possibility 
that a large percentage of the Onagra population is actually of 
hybrid origin. 

Clausen and his co-workers (39-48) have made valuable contri- 
butions to “experimental taxonomy”. Discussing the various de- 
grees of incompatibility found in different species crosses, they con- 
clude that a large percentage of the hybrids produced will be wiped 
out under natural conditions and that the few vigorous offspring 
left will largely drop back into one of the two original species. They 
agree that introgression may occur and that new amphidiploid 
species may arise. An amphidiploid origin through hybridization 
is postulated for a species of Madia, but amphidiploidy is considered 
to be a rare evolutionary path in the Madiinae. Layia hieracioides 
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was experimentally proved to be an amphidiploid. They recognize 
that “as modern genetics developed in this century, it was redis- 
covered that hybridity is not a rare phenomenon and that many 
hybrids between species are partially fertile”. Systematic hybridiza- 
tion is accepted as a “powerful analytical tool”, while the use of the 
terms “ecotype”, “ecospecies” and “coenospecies” is deprecated 
where experimental evidence is lacking. A vigorous but completely 
sterile Madia x Layia hybrid occurred in a culture from seed col- 
lected from a wild population. Two amphidiploids, one of Madia, 
one of Layia, occurred spontaneously in the experiment garden. 
Four species of Potentilla appeared to be linked by natural hybrids. 
The thesis: “taxonomic relationship between forms is roughly 
proportional to their ability to exchange genes either directly or 
indirectly through an intermediary”, is illustrated by examples from 
Artemisia, Pentstemon and Zauschneria. Two natural hybrids in a 
Layia population “duplicated in appearance and behaviour the much 
larger population previously produced in the experiment garden”. 
Crosses within a group of 14 species of Layia indicated a mosaic 
relationship as to “the relative ease or difficulty with which genes 
can be transmitted back and forth from one species to another”. 
The data are assembled in an excellent diagram (45). Three 
amphiploids in the Madiinae, arising from sterile F, hybrids, with- 
out chemical or physical treatment, were thoroughly analysed and 
indicate what can happen in the wild. The initiation of amphiploidy 
within a mature comparium tends to regenerate it. The conclu- 
sion is reached that “Evolution may be said to be reticulate in 
pattern from the level of the ecotype to that of the comparium, but 
beyond that level it becomes exclusively forked in type”. Agquilegia 
was found to combine extreme morphological and ecological vari- 
ability with a high degree of crossability. In general, “Ecologically 
and taxonomically the amphiploid reacts as an interspecific F, hybrid 
that has become constant’, and “successful amphiploids arise from 
successful interspecific hybrids . . . if the amphiploid is to remain 
successful during succeeding generations, the original balance must 
remain unchanged”. It is considered that successful amphiploids 
will arise only from hybrids between species “so distantly related 
that their chromosomes cannot pair with each other or only rarely 
do so”. 

Gregor (104, 105), as a result of hybridization experiments, con- 
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cludes “that, when given an opportunity to hybridize, the North 
American—North European—diploid Alpine population [com- 
prising five recognised species of Plantago] constitutes a single 
intrafertile group, although in such a widespread population the 
potential gene exchange is not realized in nature owing to the spatial 
isolation of its parts”. Taxonomic difficulties, arising as a result of 
gene exchange, lead Gregor to advocate that the experimental taxon- 
omist should use a terminology based on the ecotype concept and 
not on the “present system of classification”. He points out the 
rather frequent “misuse of the ecotypic terminology, particularly in 
botanical literature”, and emphasizes the necessity that “The ex- 
tensive, and in many respects promiscuous, collecting of museum 
material must perforce largely be replaced by an intensive, orderly 
and planned assembling of representative samples from the all- 
important breeding communities”. 

Experimental taxonomy, as it becomes developed and its prin- 
ciples clarified, seems destined to play an important part in that 
synthesis of results from varied lines of botanical research that to 
many botanists, and biologists in general, seems so necessary for 
real advance. 

THE GENUS RUBUS 


The genus Rubus, as treated by different workers, well illustrates 
the divergence of views on taxonomic principles and practice that 
still exists when genera of large size are being studied. Rydberg 
(173) recognised 112 species in the North American flora, 69 of 
which are not recorded as producing hybrids. For the remaining 43 
species 90 hybrid groups are admitted (including three garden 
hybrids). Under this treatment we find a large comparium in- 
volving 28 species, in which R. argutus (12 crosses), R. baileyanus 
(10 crosses), R. canadensis (15 crosses), R. nigrobaccus (14 
crosses), R. procumbens (12 crosses), play a large part in the 
linkage. Also the Arctici and Saxatiles are linked through R. 
pubescens. Rydberg by no means regarded all these hybrids as 
definitely established. 

Bailey (22) gives a detailed discussion of the genus in North 
America. He recognises 390 species and a number of varieties, 
claiming that he has taken a broad view and has not split the species 
finely. Based on over 50 years of intensive study in the field, and 
a great mass of herbarium material, the monograph deserves close 
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study. Especially useful are the notes on field work and methods 
of collecting and description. He admits no hybrids and in his 
detailed treatment of the species pays but slight attention to those 
holding other views. He remarks, “It is not to be understood that 
I am opposed to recognition of hybrids in Rubus. My objection 
is to the unscientific assumption that if a specimen, be it ever so 
poor, cannot be referred to any species at that moment recognized 
it must perforce be a hybrid. One may find in the field what are 
apparently wild hybrids, but they appear to be no more common or 
any more puzzling than in any other large genus”. He rightly says, 
“Hybridity is not an assumption, but a subject capable of investiga- 
tion”. Of Rydberg’s treatment he says, “It carried the hybridity 
assumption to its highest point in this country”. Bailey considers 
that the conclusions of Rydberg (he is surely incorrect in stating that 
Rydberg admitted 153 hybrids in 36 species of Eubatus) and 
Brainerd (not seen by me) “disclose the prevailing incompetence in 
Rubus and remove the native blackberries from taxonomic study. 
Other genera than Rubus begin to show the break-away from former 
assignments of miscellaneous hybridity”. “First”, he says, “we 
must learn the species, that we may have starting-points; then we 
may speculate on hybridity and other questions”. But surely, in 
such a group, the problem of what are the species and what are hy- 
brids must be studied pari passu, and present dicta on species need 
investigation as much as dicta on hybrids. Not speculation but ex- 
perimental study will yield results of value. 

Crane and Darlington (55) had concluded that “The possibilities 
of crossing among species of Rubus are evidently determined to a 
great extent by the purely numerical relations of their chromosome 
complements. Hybrids are known to occur between the most 
distant species, yet crossing is often difficult between those having 
the greatest affinity”. Hegi (112) said, “Die Gattung Rubus ist 
mit mindestens 300, bei engerer Fassung des Artbegriffes mit iiber 
3000 Arten fast tiber die ganze Erde verbreitet. So schwer ihre 
Sektionen und Arten zu gliedern sind, so gut ist sie selbst abge- 
grenzt”. He admits 19 major species within the area covered by 
his “Flora”, but most of these are collective species and are split 
up into smaller species, with a total of 87. Hybridism is accepted 
as prevalent, but space was not available for any full treatment. It 
is suggested that a number of species are of hybridogenous origin. 
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Gustaffson (107-109) accepts the occurrence of hybrids in the 
Scandinavian Rubi. For most of the Eubati “there is a great vari- 
ation due to hybridization”, so that in the different groups there is 
a large number of transitional forms, while a great many localised 
and endemic microspecies have arisen. Even several “good” spe- 
cies are heterozygous to a “surprisingly great extent”. Crosses be- 
tween them or even segregation products may therefore give origin 
to “floras” of blackberries so rich in biotypes that each limited area 
contains its own endemism. Allopolyploidy is declared to be com- 
mon, and the occurrence of apomicts has been substantiated. We 
now “know the principle outlines of the European blackberry flora, 
its systematics and geography”. Lidforss, states Gustaffson, had 
proved that the Corylifolii are primary and secondary cross prod- 
ucts of the Moriferi (Eubati) veri and the tetraploid R. caesius. 
“The astounding confusion of local and widely distributed types is 
simply due to the occurrence of pseudogamy, i.e., parthenogenetic 
embryo formation accompanied by sexual endosperm development, 
maintaining in nature heterozygous segregates and hybrid deriva- 
tives”. Further, “The apomicts in Rubus have not lost their 
capacity of sexual seed production but take part in a prosperous 
equilibrum system of apomixis and sexuality”. 

Judging from published descriptions and from the apparent dif- 
ficulty in ascribing “varieties” to a particular species, the Asiatic 
Rubi would repay the like intensive and experimental study. In 
the New Zealand flora five species of Rubus are recognized, some 
with heteroblastic development, and all subject to modification by 
habitat conditions. Wild hybrids are very rare, and apparently 
sterile, though capable of vigorous vegetative growth. An artificial 
hybrid has occasionally produced flowers, but these show various 
abnormalities, and so far no viable seed has been produced. 


NOMENCLATORIAL QUESTIONS 


These have received some attention during the past decade, with- 
out any general agreement being reached. That the treatment in 
the International Rules is in need of modification is evident from 
the discussions aroused. A vigorous controversy was entered upon 
between Miss M. L. Green (99, 100) and Furtado (88, 89), 
arising from the problem of the correct name of the yellow hybrid 
aster. The two authors came to quite divergent views on the 
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meaning and application of the Rules. Furtado comments that 
“there is no reason why systematic names of any sort of hybrids 
should receive a different treatment from the systematic names of 
non-hybrid taxonomic groups of corresponding rank”, and suggests 
that “it should be recommended in the Rules not to give a systematic 
name to any hybrid, unless there are reasonable grounds for be- 
lieving the hybrid to be stable or homozygous”. Green considers 
“that there is every reason for according [the technical names of 
hybrids] different treatment”. She points out the possibility of 
“confusion of thought between a genus and a generic name”. 
Furtado makes a lengthy rejoinder and concludes that “the pro- 
cedure adopted by Miss Green cannot be defended from the Rules 
of Botanical Nomenclature”, and that if Miss Green’s procedure 
“is the ideal one for naming hybrids it should be considered by the 
next Botanical Congress”. Later Furtado agrees that “The Rules 
seem to be rather ambiguous on the status of the names of hybrids, 
and current practice is too contradictory to be of any use in ex- 
pounding the correct application of the Rules”. He gives several 
examples. 

Allan (3) points out certain difficulties caused by the phenomenon 
of hybrid swarms. Numerous hybrid forms in the past have re- 
ceived specific names. Often what has been named represents only 
a small portion of a hybrid swarm. To extend the use of such 
names to cover all forms leads to confusion. “At present it is 
wisest to remain content with a formular treatment, and to treat the 
authority to provide names ‘whenever it seems necessary or usual’ 
as a privilege to be exercised with the utmost restraint”. Sprague 
(183) considers that Allan has not distinguished between a group 
and its name. He suggests that names that are actually telescoped 
formulae should be restricted to hybrids whose origin has been 
proved experimentally. 

Cain (29) points out that names of hybrids bestowed according 
to the International Code may be quite ambiguous in their appli- 
cation. He illustrates by reference to Oliver’s method of naming 
hybrids in Dracophyllum, e.g., xD. erectum (D. prostratum 
x rosmarinifolium). ‘The geneticist, ecologist, or geographer won- 
ders what kinds of hybrids such names represent . . , one wonders 
how a taxonomist can draw up a description to cover a natural 
hybrid swarm and, if his description is based on one of a few hybrid 
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forms, whether he realizes that he has entered on an almost endless 
descriptive task’’. 

Uittien (204) considers that the words “hybrids” and “half- 
breeds” should be suppressed from the Rules. For the taxonomist, 
he considers, hybrids do not exist. But hybrids exist in nature, and 
it is difficult to see how the taxonomist can avoid considering them, 
unless, indeed, he does as Uittien suggests and relies purely on his 
eyes. The term “species” would then come to mean nothing more 
than a “described form”. Fosberg (83) found no evidence that 
taxonomists in general incline to Uittien’s views. 

Stout (201) discusses the nomenclature of cultivated plants only, 
but his remarks contain matter of interest to the student of wild 
hybrids. 

ANALYSIS OF POPULATIONS 


Anderson (7) evolved a method of analysing hybrid populations 
in Tradescantia that, it is claimed, diagrammatically reveals their 
construction. The plants were scored by pairs of contrasting char- 
acters, each character being assigned a numerical value. The not 
altogether happy term “mass collection” was introduced by the 
same author (10, 11) for the critical sampling of entire populations. 
Anderson and Hubricht (12, 13), by analytical methods, studied 
“introgressive hybridization ; the infiltration of the germplasm of one 
species into that of another by repeated back-crossing of the original 
hybrids”. Only slight morphological effects were noted in the cases 
studied. Confirmatory hybrids were secured in the experiment 
garden. Riley (166-168), by similar methods, studied colonies of 
Tradescantia and Iris. In the Tradescantia colony a character 
analysis was made of 52 plants, the entire region being inhabited by 
three species. Few of the plants corresponded in every detail to 
any of the species. Crossing was common between the two tetra- 
ploid species, but uncommon between the diploid and the tetraploids. 
The triploid progeny were highly sterile. Evidence of introgressive 
hybridization in Tradescantia was also secured. A comparative 
study of seven characters on plants of four populations of Jris 
showed that one was pure Jris hexagona var. giganticaerulea, one 
pure J. fulva. Two colonies, situated geographically between the 
two pure species, in an area disturbed by man, showed the presence 
of hybrids that had become well established. “Many of the types 
considered species by Small show the same relation to the two 
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species . . . that the hybrids of this study exhibit, and are probably 
themselves hybrids”. ‘These methods show a distinct advance, but 
do not gain complete objectivity ; there is still room for unconscious 
bias in weighting the index values. 

Anderson and Turrill (15) made detailed studies on two popula- 
tions of Fraxinus, from collections representing random samples, one 
from the Danube delta, and one from the Mesta delta. The data 
suggest “that two species are involved, and that though much mix- 
ing has taken place since the two met they still tend to maintain 
their entities’. The two hybrid populations agreed in their main 
features, but differed in the degree of approach to the two species 
concerned. Marsden-Jones and Turrill (137) analyzed samples 
of Silene populations from Norway and Switzerland, showing 
“peculiar combinations of characters which, it is suggested, may 
represent ancestral combinations from which S. maritima and more 
typical S. vulgaris have been derived”. Charles and Goodwin (36) 
used analytical methods in establishing that the intergrades between 
two species of Solidago were natural hybrids. Larisey (132) 
analyzed a hybrid complex between two species of Baptisia, finding 
a considerable measure of poor pollen. 

Fassett (66-70) studied by the mass collection method popula- 
tions of Rubus, Ranunculus, Diervillea, Lonicera, Oxalis and 
Linaria. Analytical methods were also used in various papers 
cited elsewhere in this article. 


GENETICAL AND CYTOLOGICAL STUDIES 


Allan (1) showed the remarkable differences in fruit colour in 
the F, of a cross between two species of Coprosma (female grand- 
parent blue; male, red) ranging from milk-white through yellow to 
scarlet, orange and red, with blue spotting more or less developed 
in many, but blue as the main colour in very few. A similar but 
not so extensive range of colour is seen in wild populations. Ander- 
son (8) gave a review of cytology in relation to taxonomy, in- 
cluding the significance of amphidiploidy. Anderson (9), under 
the term “binary variation”, shows that associated with typical 
Tradescantia bracteata throughout its range, and connected with it 
by a manifold series of intermediates, is a form of Tradescantia 
morphologically similar to T. hirsutiflora. This variant may have 
originated by partial differentiation from or hybridization with the 
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T. hirsutiflora-virginiana stock at a time when the ranges of these 
species were confluent. Anderson and Sax (14) deal with cyto- 
logical aspects of the Tradescantia work and give further evidence on 
introgression. 

Babcock and Stebbins (19) show that in Crepis many autopoly- 
ploids are as apomictic as allopolyploids. Baldwin (23) concludes 
that Sedum pulchellum is an amphidiploid that has undergone 
autopolyploidy. Certain resulting taxonomic confusions are pointed 
out. Charles and Goodwin (36) estimate that a minimum of 21 
genes for leaf-characters, and twice as many for all morphologically 
distinguishable differences, is required to differentiate two species 
of Solidago. Clausen (38) studied polyploidy in Nicotiana and 
gives a résumé of the position. He considers that there is abundant 
evidence that N. rustica and N. tabacum are amphidiploids, and that 
the relationship to South American species is well established. 
Darrow and Camp (60) show that in Vaccinium and related groups 
both autopolyploidy and allopolyploidy have taken part in producing 
polyploid populations. A complex phyletic pattern has developed. 
Dillewijn (62) found strong cytological evidence for the existence 
of hybridism in Populus. Flovik (79), discussing the vexed ques- 
tion of the origin of hereditary vivipary in grasses, gives evidence 
that allopolyploidy is a cause in various species. The viviparous 
arctic grasses are allopolyploids, and vivipary is more common in 
arctic than in other grasses, owing to combined action of hybridiza- 
tion, polyploidy and extreme external conditions. 

Fothergill (84, 85) examined wild populations of Viola lutea and 
V. tricolor, and made progeny tests. Many combinations of the 
parental characters occur, but plants not intermediate tend to re- 
semble V. Jutea more than V. tricolor. The hybrids showed in- 
crease of chromosome numbers beyond that expected from those of 
the parents, apparently owing to the splitting of univalents. Neither 
of the original species was recovered in its entirety. Frankel and 
Hair (87) found that Hebe has basic numbers 20 and 21, and in- 
cludes tetraploid and hexaploid species. Interspecific crosses were 
completely successful only between 20-chromosome species; other 
species crosses gave rise to progeny of low vitality. Goodspeed 
(94) gives a full review of work on the cytotaxonomy of Nicotiana. 
He concludes that “The evidence of phylogenetic relationship in 
Nicotiana which is intrinsic in the morphological and distributional 
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data appears to be sufficiently confirmed and amplified by the cyto- 
logical conclusions to justify the current taxonomic arrangement of 
the genus”. 

Goodwin (95-98) confirmed the reputed hybridity of Solidago 
asperula by artificial hybridization. Hybrids and back-crosses occur 
in abundance where S. rugosa of open meadows is able to meet S. 
sempervirens of salt marshes. A morphological analysis of leaf- 
characters by Anderson’s method (7) indicated that back-crosses 
and perhaps F, and other more complicated crosses frequently oc- 
cur. Ina study of seedling development it was found that the F, 
hybrids show a very strong matroclinous tendency. Greenleaf 
(101-103) found that cytological studies support the view that 
Nicotiana tabacum arose as an amphidiploid from N. sylvestris and 
some one of the several races of N. tomentosum, or N. tomentosi- 
formis. This occurred in the general region of South America 
(Peru, Bolivia, northern Argentina) where these species and races 
occur to-day. Hair (110) found no irregularities in the meiosis of 
17 species of Epilobium and three possibly hybrid forms. Heilborn 
(111) studied the chromosomes of Cyperaceae and concluded that 
allopolyploidy seems to be lacking in the family. B. L. Johnson 
(121), working on Oryzopsis, found that the section Piptatherum 
and the genus Stipa in part represent divergent lines of specializa- 
tion and may have reticulated to form the polyploid section Erio- 
coma. With Rogler (122) he adduced strong cytological evidence 
for an Oryzopsis x Stipa hybrid. L. P. V. Johnson (123) noted 
some features of F, and F, hybrids in a Populus cross. 

Kostoff (126-128), continuing his studies on polyploids in 
Nicotiana, synthesised a fertile amphidiploid by crossing N. sylves- 
tris and N. tomentosiformis. He discussed numerous inter-specific 
crosses, several giving rise to amphidiploids. Miintzing (144) 
argues that “it is typical of species hybrids that they are more or less 
sterile”, and that “by crossing experiments it is possible to clear up 
the barriers of incompatibility and sterility occurring in nature”. 
He concludes that “If the cross succeeds without difficulty, and the 
hybrids obtained are quite fertile, the parents must be closely related 
and must be included in the same species”. If this were followed 
by a New Zealand taxonomist the evidence at present available 
would strongly suggest that the manifold forms of Coriaria should 
again be united under one name, as was suggested by Lindsay in 
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1868 (Contributions to New Zealand Botany). In Hebe one 
would have largely to go back to the views of Mueller (The vegeta- 
tion of the Chatham-Islands) who in 1864 lumped many species 
under his all embracing name of Veronica forsteri. Danser’s 
method seems distinctly preferable for such cases. 

Mintzing (145), continuing his studies on apomixis and sexu- 
ality in Poa, finds that “the evidence now available strongly sug- 
gests that the viviparous types are differentiation products, arisen 
by mutations from non-viviparous strains”. He remarks, however, 
that “the possibility must not be overlooked that the whole species 
complex, Poa alpina, might be of hybrid origin”. Nannfeldt (149, 
153) gives evidence that the viviparous Poa jemtlandica is a hybrid 
and that the present population “is of rather high age, descending 
from a limited number of successful crossings, perhaps from a single 
one”. Certain sterile hybrids in Poa show no trace of vivipary. 
Others, possessing viviparous biotypes, form both viviparous and 
non-viviparous hybrids. It is concluded from a survey of the evi- 
dence that “vivipary in all European and Arctic hybrids is explained 
by the hypothesis of vivipary as a hereditary dominant charac- 
ter... . No facts support the view that vivipary is induced in 
hybrids as a compensation for their floral sterility’. The section 
Stoloniferae of Poa is thought probably to have arisen from inter- 
sectional hybridization. It contains no uniform species; the con- 
stant units are non-sexual subspecies. 

Ostergren (158) studied the cytology of Agropyron junceum, 
A. repens and their wild hybrids. Seven hybrids were found to be 
pentaploid and one heptaploid by back-crossing of a pentaploid 
with A. junceum, or from the fertilisation of an unreduced gamete 
of A. junceum with a normal one from A. repens. Silow (178) 
brings out evidence in support of Skovsted’s view that the New 
World tetraploid cultivated cottons arose by amphidiploidy follow- 
ing hybridization between ancestral Asiatic and American diploid 
species. Smith (181) gives evidence from various sources that 
long continued isolation does not necessarily result in cross-in- 
compatibility, nor does great morphological divergence. Stebbins 
(186), after a review of the data concerning apomixis in the angio- 
sperms, finds that the great majority of apomictic forms are 
probably allopolyploids or back-cross derivatives from allopoly- 
ploids. The hybridity is an accompanying phenomenon but not a 
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causal agent of apomixis. Stebbins (189) reviewed also work on 
the cytological analysis of species hybrids. The evidence is con- 
sidered to support the hypothesis that “speciation comes about 
either through hybridization between pre-existing species or through 
superposition of genetic isolating factors upon a pattern of intra- 
specific differentiation into races or subspecies, as postulated by 
Mayr”. Stebbins and his co-workers (192-194) found that all 
but a few of the Crepis apomicts are allopolyploids, that Bromus 
carinatus and its relatives form a complex of polyploids (many 
being allopolyploids), and that B. arizonicus is an allopolyploid 
derived from B. catharticus, or an ancestral form, and B. trinii. 
Wetmore and Delisle (209) confirmed that Aster amethystina is a 
natural hybrid. A. multiflorus and A. novae-angliae hybridize ex- 
tensively in nature, with back-crossing, producing a polymorphic 
group, to forms of which have been given different names by tax- 
onomists. Wheeler (210), from cytological examination of 15 
species of Nicotiana found in Australia and the Southern Pacific, 
and of the meiotic behaviour of numerous hybrids, suggests that 
amphidiploidy has been important in the evolution of the group, 
together with selfing or back-crossing after former hybridization. 


ECOLOGICAL SIGNIFICANCE 


As early as 1923 Cockayne (50), discussing hybridism in the 
New Zealand flora, remarked: “It is the fact of considerable hy- 
bridization taking place in a virgin vegetation which is the leading 
motive for this paper. But the effect of settlement is also an im- 
portant matter... . In these man-induced associations a few species 
have found more opportunities for crossing than formerly so that 
their hybrids are now far more numerous than in primeval New 
Zealand. To the powerful effeet of man in unconsciously favouring 
hybridisation Professor Aug. Henry has recently called my atten- 
tion”. Instances are given in the genera Acaena, Cassinia, Celmisia 
and Fuchsia. A particular Nothofagus forest had been replaced by 
a subalpine vegetation in which Celmisia hybrids were prominent 
at a much lower altitude than their normal habitats. Cockayne, 
Simpson and Thompson (53), describing new communities that 
had arisen following the destruction of the primitive vegetation by 
man, referred to the occurrence of hybrid groups in Acaena, Aris- 
totelia, Cassinia, Celmisia, Coriaria, Gaultheria, Hebe, Helichrysum 
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and Myrtus. Cockayne and Sledge (52) mention several hybrids as 
being present in a particular area where there had developed a 
herbfield replacing burnt forest. 

Weigand (211), studying occurrences of Amelanchier, Crataegus 
and Rubus, found that an outburst of crossing may occur localiy 
in areas in which the primitive vegetation has been disturbed, e.g., 
by forest fires, lumbering or clearing of railroad tracks. One result 
of the disturbance may be irregularities in the time of flowering. 
“The hybrids seem like swarms of bees, buzzing around for a time, 
only to disappear, leaving the fundamental species to continue 
through the ages”. He discusses genetic reasons for this disappear- 
ance and considers that taxonomists tend to collect undue propor- 
tions of unusual forms. The importance of the disturbance of 
natural vegetation and the production of intermediate habitats is 
also stressed for Aster (11), Tradescantia (12), Solidago (36, 96) 
and Iris and Tradescantia (167, 168). 

Hubricht and Anderson (115) state that certain species of 
Tradescantia readily hybridize by natural agencies in the experi- 
ment garden, but that in nature, owing to lack of intermediate 
habitats, hybridism is rare. Hybridization is more active along the 
Appalachians, as more intermediate zones are found there than else- 
where. Darrow and Camp (61) adduce evidence that the present 
prevailing hybridism in Vaccinium has been made possible by “the 
disturbance of the ecological balance—the extensive and repeated 
clearing and burning, the formation of fields and pastures, and often 
their later abandonment”. Bees are considered to be the agents 
of pollination. “In the blueberry there seems to be no interspecific 
sterility between homoploids”. Each species seems to have a basic 
genom set which is compatible with that in other species. Because 
self-sterility occurs to a greater or lesser extent in the genus, the 
development of species seems to have been determined more by 
geographical and ecological isolation than by genetic isolation. 
Smith (182) states that artificial hybrids have been produced in 
abundance in Populus, and the comparative scarcity of natural 
hybrids is attributed to the different ecological habitats favoured 
by the different species. Stebbins (187) discusses the general 
question of the r‘le of isolation in the differentiation of plant 
species. Turrill (203) points out that Alopecurus geniculatus and 
A. pratensis will hybridize but are kept “essentially distinct” by 
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their different habitatal preferences. Several similar cases are 
referred to. He concludes, “There is, however, no doubt that man 
is likely to become increasingly important in modifying nature by 
enabling new species to establish themselves. Thus by cutting 
down forests on the hill-slopes in the Nearer East species of 
Verbascum, Thymus, Dianthus, Silene, and other genera have been 
able to extend their areas, to meet, and to hybridize. That certain 
segregates or allopolyploids resulting from such hybridization may 
be selected or are in process of selection seems probable’. Heine 
(113) thought that “The similarity and simplicity in the structure 
of the flowers and the great extent to which cross-pollination is 
brought about by a variety of insects may be regarded as one of 
the causes of the large number of wild hybrids in New Zealand”. 
Cain (29) points out that “Such centers of variation as are due to 
hybridization and polyploidy may develop at the center of origin of 
a genus, but that is not necessarily the case”. The same author 
(30), in a general treatment of the principles of plant geography, 
gives a great deal of space to the influence of wild hybridism, with a 
wide range of illustrative material, whereas Wulff (212), treating 
plant geography from the historical point of view, finds little 
occasion to refer to wild hybridism. 


EVOLUTIONARY SIGNIFICANCE 


The importance and limitation of polyploidy, more especially 
allopolyploidy, as a factor in evolution have been increasingly ex- 
plored, with considerable reference to wild allopolyploids. The 
phenomena are discussed in some detail in most recent standard 
texts (e.g., 30, 63, 93, 117). Huxley (117) sums up, “Allopoly- 
ploidy has undoubtedly played an important rdle in the evolution 
of many plant genera”. Allopolyploidy “is likely to occur when 
changes of climate bring about range-changes, these then providing 
opportunities for hybridisation between plant species which have 
developed in isolation and between which no reproductive barriers 
have therefore been evolved”. Huxley also discusses the bearing 
of wild hybridism in general on the evolution of plants, and its rela- 
tion to apomixis and “reticulate evolution”. Where “some of the 
products of initial hybridization continue to cross, we obtain elabo- 
rate complexes such as those of Rosa, Rubus, etc., in which a num- 
ber of initial forms are combined in an evolutionary reticulum”. 
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Stebbins (185) agrees that polyploidy tends to break down genetic 
barriers and to permit exchange of genes between genetic systems 
that in the diploid condition are completely isolated. He gives 
examples to show that where autopolyploidy and allopolyploidy 
exist in the same genus hybridization, especially when associated 
with apomixis, may result in a “complex network of interrelated 
forms, which defies classification according to the usual concepts of 
the species”. Warmke (207) suggests that polyploidy may offer 
a means of securing new genes required in the building of plant 
and animal kingdoms. Babcock and his co-workers (17-19, 21) 
discuss genetic evolutionary processes in Crepis. Gene mutations 
and structural changes in the chromosomes are primary, and inter- 
specific hybridization, polyploidy and apomixis are secondary proc- 
esses. The main trend has been a progressive decrease in chromo- 
some numbers, but in special groups there has been an increase due 
to hybridization followed by amphidiploidy. 

Barber (25) finds that the two species of Paeonia in California 
and Oregon are “true-breeding diploid hybrids of the kind known 
in Oenothera”. Babcock et al. (20) find that the American species 
of Lactuca are amphidiploids that have probably crowded out the 
ancestral diploids. Erlanson (65) considers that in Rosa the hy- 
bridization of hexaploids with related diploids, followed by the 
elimination of unpaired chromosomes in the descendants, is “an 
important modus operandi in promoting the appearance of poly- 
morphic diploid races with novel characteristics”. Lamprecht 
(131) studied the nature of the interspecific barriers in a Phaseolus 
cross, where in the sterile hybrid mitosis was normal, but meiosis 
did not proceed beyond tetrad formation. Some evolutionary 
significance is ascribed to the types of barriers discussed. 

Ford (80, 81) distinguishes transient polymorphism, in which 
a gene is spreading through a population, from balanced, in which 
the gene is maintained at a fixed level by opposed selective agencies. 
Under certain conditions the free flow of genes is impeded, evolu- 
tionary change reduces the stock of genes, “leading to infertility on 
crossing and to specific distinction”. 


PRACTICAL APPLICATIONS 


Following the demonstration by Allan and Zotov (5) that 
Phormium colensoi could be crossed with P. tenax, supporting the 
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view that the polymorphy noted in nature is due in part to hy- 
bridism, Swindlehurst (unpublished) raised a large F, progeny, 
the plants combining in some degree the strength of the one species 
with the softness of fibre of the other. Tests have shown that the 
cross offers distinct possibilities in the textile industry. Crane 
(54) gives examples of wild hybrids that have proved useful in 
the production of forms of horticultural value. Darrow and Camp 
(61) show how natural Vaccinium hybrids may be used in securing 
new material of economic value. Wild forms of Leptospermum in 
New Zealand have been introduced into gardens on account of 
specially attractive features of flower colour and “doubling”. 
Lammerts (130) successfully crossed certain horticultural “vari- 
eties” and secured strains of enhanced merit. He discusses the 
genetic problems raised. 

Love (135) points out that natural interspecific hybridization in 
Stipa may be utilized in developing useful strains. Stebbins (190) 
points out the practical significance of hybridization in Bromus. 
Weibel and Woodworth (208) discuss the use of the “natural- 
crossing plot” in making castor-bean hybrids. In general, it is 
clear that there is a wide field for profitable investigation on the 
practical application of the data arrived at in the study of wild 
hybrids. 

POSTSCRIPT 


Baker (Nature 159: 221-223), under the title “Criteria of hy- 
bridity”, deplores the “decline” of experiment since Kerner’s day. 
He gives a useful criticism of the methods of Anderson and others, 
using the index method of scoring hybrids, in that they too greatly 
depend upon the observer’s powers of discrimination. He says 
that “It ig easy to overcome the faults in these methods by making 
it a rule that, wherever possible, artificial crosses between the 
forms involved (giving evidence of the mode of inheritance of the 
characters) should precede investigations of natural populations”. 
He realises some of the difficulties in carrying out such work and 
goes on to consider how the most suitable characters can be selected 
and used in analytical work. 

There has of course been experimental work on the lines Baker 
advocates, but it can hardly be denied that much more work should 
be done. The results of his own work will be awaited with interest. 
Baker makes the encouraging, if bold, statement that “The impor- 
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tance of the study of natural hybridization is obvious in view of the 
large part it plays in the process of evolution”. 


1. 


de 


10. 
1}. 
12. 
13. 


14. 
15. 
16. 
17. 
18. 


19. 
20. 
21. 


23. 
24. 


1937. 


LITERATURE CITED 


ALLAN, H. H. Fruit characters in the Fs: of a Coprosma cross. Trans. 
Royal Soc. New Zealand 68: 34-36. 1938. 
Remarks on XLeucoraoulia. Trans. Royal Soc. New 


2. ————_—. 
P Zealand 68: 457-461. 1939. 
4 
5 


— The nomenclature of hybrids. Chron. Bot. 5: 205-209. 
9. 


Natural hybridization in relation to taxonomy. New 


Systematics, Oxford 1940: 515-528 


and V. D. Zorov. An artificial cross between Phormium 

— and P. tenax. New Zealand Jour. Sci. & Tech. 18: 799-804. 
AnperSON, E. The species problem in Jris. Ann. Mo. Bot. Gard. 23: 
457-509. 1936. 

. Hybridization in American tradescantias. I. A method for 
measuring species of hybrids. II. Hybridization between T. vir- 
giniana and I. canaliculata. Ann. Mo. Bot. Gard. 23: 511-525. 1936. 

. Cytology in its relation to taxonomy. Bot. Rev. 3: 335-350. 


——_———. Binary variation in Tradescantia bracteata. Ann. Mo. Bot. 
Gard. 28: 147-163. 1941. 


The technique and use of mass collections in plant 


taxonomy. Ann. Mo. Bot. Gard. 28: 287-292. 1941. 


. Mass collections. Chron. Bot. 7: 378-380. 1943. 
and L. Husricut. Hybridization in Tradescantia. III. 
The evidence of introgressive hybridization. Am. Jour. Bot. 25: 
396-402. 1938. 
and . The American sugar maples. I. Phylo- 
genetic relationships as deduced from a study of leaf variation. Bot. 
Gaz. 100: 312-323. 1938. 
and K. Sax. A cytological monograph of the American spe- 
cies of Tradescantia. Bot. Gaz. 97: 433-476. 1936. 
and W. B. Turrity. Statistical studies on two populations 
of Fraxinus. New Phyt. 37: 160-172. 1938. 
Arwipsson, T. Studien tiber die Gefasspflanzen in den Hochgebirgen 
der Pite Lappmark. Acta Phyt. Suecica XVII. 1943. 
Bascock, E. B. and M. S. Cave. A study of intra- and interspecific re- 
lations of Crepis foetida L. Zeits. Ind. Abst. Ver. 75: 124-160. 1938. 
and J. A. Jenkins. Chromosomes and phylogeny in Crepis. 
III. The relationships of one hundred and thirteen species. Univ. 
Calif., Pub. Bot. 18: 241-292. 1943. 
and G. L. Strepsins. The American species of Crepis. 
Carnegie Inst. Wash., Pub. 504: 1-199. 1938 
Bascock, E. B. et al. Chromosomes and phylogeny in some genera of 
Crepidinae. Cytologia. Fujii Jubilee Vol. 188-210. 1937. 
————- et al. Genetic evolutionary processes in Crepis. Am. Nat. 
76: 337-363. 1942. 
BarLey, L. H. Species Batorum Boreali-Americana. Gentes Herbarum 
5(1-10) : 1941-1945. 
Batpwin, J. T. Polyploidy in Sedum pulchellum. I. Cytogeography. 
Bull. Torrey Bot. Club 70: 26-33. 1943. 
Barser, H. N. Spontaneous hybrids between Sonchus asper and S. 
oleraceus. Ann. Bot. 5: 375-577. 1941. 











\o 
ie) 


37. 


39. 


41. 


42. 


43. 


45. 


47. 


49 
50 


51. 


52. 


Fs 8 8 8 RR 





THE BOTANICAL REVIEW 


————.. Evolution in the genus Paeonia. Nature 148: 227. 1941. 

BrEMEKAMP, C. E. B. Phylogenetic interpretations and genetic concepts 
in taxonomy. Chron. Bot. 5: 390. 1939. 

———. Controversial questions in taxonomy. Chron. Bot. 7: 255- 
258. 1942. © 

Brett, R. G. A survey of Eucalyptus species in Tasmania. Pap. & 
Proc. Royal Soc. Tasmania 1937: 75-109. 

Cain, S. A. Criteria for the indication of center of origin in plant 
geographical studies. Torreya 43: 132-154. 1943. 

Foundations of plant geography. 1944. 


Camp, W. H. Studies in the Ericales. IV. Notes on Chimaphila, 


Gaultheria and Pernettya in Mexico and adjacent regions. Bull. 


Torrey Bot. Club 66: 7-28. 1939. 


Studies in the Ericales. A discussion of the genus Befaria 
in North America. Bull. Torrey Bot. Club 68: 100-111. 1941. 

The Crataegus problem. Castanea 7: 51-55. 1942. 

The herbarium in modern systematics. Am. Nat. 77: 


322-344, 1943. 


Biochemical clines, polymorphic populations, and the 
problems of specific delimitation in the cinchona population of 
Ecuador. In Am. Jour. Bot. 33: 234. 1946. [Abs.] 

CuHar.es, D. R. and R. H. Goopwin. An estimate of the minimum 
number of genes differentiating two species of goldenrod with re- 
spect to their morphological characters. Am. Nat. 77: 53-69. 1943. 

Cuaytor, D. A. A taxonomic study of the genus Lavandula. Jour. 
Linn. Soc. (Bot.) 51: 153-204. 1937. 

a R. E. Polyploidy in Nicotiana. Am. Nat. 75: 291-306. 
941. 

CLAUSEN, J. et al. Experimental taxonomy. Carnegie Inst. Wash., 
Yearbook 35: 208-214. 1936. 

————— et al. Experimental taxonomy. Carnegie Inst. Wash., 
Yearbook 36: 209-214. 1937. 

et al. The experimental taxonomist’s terminology. Chron. 


Bot. 5: 224-225. 1939. 


— ——— et al. The concept of species based on experiment. Am. 
Jour. Bot. 26: 103-106. 1939. 
——_——— et al. Experimental taxonomy. Carnegie Inst. Wash., Year- 
book 39: 156-163. 1940. 
et al. Experimental studies on the nature of species. I. 
Carnegie Inst. Wash., Pub. 520: 451 pp. 1940. 
——,—— et al. Experimental taxonomy. Carnegie Inst. Wash., Year- 
book 40: 160-170. 1941. 
————— etal. Experimental taxonomy. Carnegie Inst. Wash., Year- 
book 42: 91-100. 1943. 
et al. Experimental taxonomy. Carnegie Inst. Wash., Year- 
book 43: 69-81. 1944. 
et al. Experimental studies on the nature of species. II. 
Plant evolution through amphiploidy and autoploidy, with examples 
from the Madiinae. Carnegie Inst. Wash., Pub. 564. 1945. 
CLeranp, R. E. Analysis of wild American races of Ocnothera 
(Onagra). Genetics 25: 636-644. 1940. 
Cockayne, L. Hybridism in the New Zealand Flora. New Phyt. 22: 
105-127. 1923. 
On the occurrence of subalpine vegetation at a low level 


in the Fiord Botanical District (N. Z.) and of matters pertaining 


thereto. Flora 1925: 75-80. 

and W. A. Stepce. A study of the changes following the 
removal of subalpine forest in the vicinity of Arthur’s Pass, Southern 
Alps, N. Z. Jour. Linn. Soc. (Bot.) 49: 115-131. 1932. 














53. 


55. 


57. 
58. 


59. 


él. 


62. 


EE 


65. 


67. 


69. 
70. 
71. 
72. 


73. 


74. 


75. 
76. 
77. 


WILD SPECIES-HYBRIDS IN PHANEROGAMS. II 99 


et al. Some New Zealand indigenous-induced weeds and 
indigenous-induced modified and mixed plant-communities. Jour. 
Linn. Soc. (Bot.) 49: 13-45. 1932. 
Crane, M. B. The origin and behaviour of cultivated plants. New 
Systematics, Oxford, 1940. pp. 529-547. 
and C. D. Dartincton. The origin of new forms in Rubus. 
I. Genetica 9: 241-278. 1927. 
Cretziou, P. Hibridul Alnus glutinosa x Alnus incana. Rev. Padurilov 
52: 654-656. 1940. 
Cucnac, A. pve. Recherche phylétique sur le genre Bromus. VIII. 
Bull. Soc. Bot. France 86: 409-419. 1939. 
Vers la solution expérimentale des problémes phylétiques 


par l’étude des croissements interspecifiques. Compt. Rend. Acad. 


Sci. 211: 143-146. 1940 
Sur la transformation expérimentale d’une espéce mono- 
type en espéce polymorphe. Compt. Rend. Soc. Bot. France 138: 
845-847. 1944. 
Darrow, G. W. et al. Chromosome numbers in Vaccinium and related 
groups. Bull. Torrey Bot. Club 71: 498-506. 1944. 
and W. H. Camp. Vaccinium hybrids and the development 
of ‘ horticultural material. Bull. Torrey Bot. Club 72: 1-21. 
1945. 
DILLEWIJN, C. vAN. Zytologische Studien in der Gattung Populus L. 
Genetica 23: 131-182. 1940. 
DoszHANSKY, T. Genetics and the origin of species. 1941. 
Duckg, A. Novas contribuic6es para o contecimento das seringueras 
= da amazonia brasiliera. Arq. Serv. Flor. Brasil 2: 25-43. 
943. 
Er.tanson, E. W. Phylogeny and polyploidy in Rosa. New Phyt. 37: 
72-81. 1938. 
Fassett, N. C. Mass collection of Rubus odoratus and R. parviflorus. 
Ann. Mo. Bot..Gard. 28: 299-374. 1941. 
Mass collections: Ranunculus abortivus and its close re- 


lations. Am. Mid. Nat. 27: 512-527. 1942. 


Populations of Linaria on the Gulf Coast. Am. Jour. Bot. 


29: 351-352. 1942. 


Mass collections: Diervillea, Lonicera. Bull. Torrey Bot. 


Club 69: 317-322. 1942. 


Mass collections: Oxalis violacea. Castanea 7: 31-38, 
1942. 


Juniperus virginiana, J. horizontalis and J. scopulorum—I. 


The specific characters. Bull. Torrey Bot. Club 71: 410-418. 1944. 


. Juniperus virginiana, J. horizontalis and J. scopulorum—Il1. 
Hybrid swarms of J. virginiana and J. scopulorum. Bull. Torrey 
Bot. Club 71: 475-483. 1944. 

. J. virginiana, J. horizontalis and J. scopulorum—III. 
Possible hybridization of J. horizontalis and J. scopulorum. Bull. 
Torrey Bot. Club 72: 42-46. 1945. 

————._ J. virginiana, J. horizontalis and J. scopulorum—IV. Hy- 
brid swarms of J. virginiana and J. horizontalis. Bull. Torrey Bot. 
Club 72: 379-384. 1945. 

—_———.. J. virginiana, J. horizontalis and J. scopulorum—V. Taxo- 
nomic treatment. Bull. Torrey Bot. Club 72: 480-482. 1945. 

FERNALD, M. L. A hybrid cornus from Cape Breton. Rhodora 43: 
411-412. 1941. 

—————-. Technical studies in North American plants. Contr. Gray 

Herb. Harv. Univ. 160. 1946. 








100 


78. 
79. 


81. 


83. 


85. 


87. 


8 


91. 
92. 


93. 
94. 


95. 
96. 
97. 


98. 


100. 
101. 
102. 
103. 
104. 


105. 


THE BOTANICAL REVIEW 


FLoperus, B. The continental Salix glauca species. Svensk. Bot. 
Tidskr. 37: 169-172. 1943. 
— K. Cytological studies of arctic grasses. Hereditus 24: 265- 
6. 
Forp, E. B. Polymorphism and taxonomy. New Systematics, Oxford, 
1940: pp. 4930513. 
Polymorphism. Biol. Rev. 20: 73-87. 1945. 


Fosserc, F. R. Taxonomy and hybridism. Chron. Bot. 5: 397-398. 
1939, 


For an open-minded taxonomy. Chron. Bot. 6: 368. 1941. 


; ForHERGILL, P. G. Studies in Viola. I: The cytology of a naturally- 


occurring population of hybrids between Viola tricolor L. and Viola 
lutea Huds. Genetica 20: 159-186. 1938. 

Studies in Viola. III: An account of the inheritance of 
certain characters in the progeny of a wild population of Viola 
hybrids. New Phyt. 40: 139-151. 1941. 

FRANDSEN, K. T. The experimental formation of Brassica juncea 
Czern. et Coss. Dansk. bot. Arkiv 11: 1-7. 1943. 

FRANKEL, O. H. and J. B. Harr. Studies in the cytology, genetics and 
taxonomy of New Zealand Hebe and Veronica. New Zealand Jour. 
Sci. & Tech. 18: 669-687. 1937. 

Furtapo, C. X. The nomenclature of hybrids and of garden plants. 


Chron. Bot. 4: 32-36. 1938. 


; The nomenclature of hybrids. Fedde, Rep. 44: 244-255. 
1938. 


. Amendments proposed to the international rules of botanical 


nomenclature (1935). Gard. Bull. S. S. 11: 1-30. 1939. 


Gitmour, J. S. L. Motes on the genus Centaurium. Kew Bull. 1937: 
497-502. 
and W. B. Turritt. The aim and scope of taxonomy. Chron. 
Bot. 6: 217-219. 1941. 
GotpscHMiIpT, R. The material basis of evolution. 1940. 
—* T. H. Cytotaxonomy of Nicotiana. Bot. Rev. 11: 533-592. 
45. 

Goopwin, R. H. Notes on the distribution and hybrid origin of 
x Solidago asperula. Rhodora 39: 22-28. 1937. 

——_———. The cytogenetics of two species of Solidago and its bearing 
on their polymorphy in nature. Am. Jour. Bot. 24: 425-432. 1937. 

Studies on the seedling development of Solidago rugosa 
Mill., S. sempervirens L., and the reciprocal hybrids between them. 
Am. Jour. Bot. 24: 627-640. 1937. 

—————.. Estimates of the minimum numbers of genes differentiating 
several taxonomic categories in the genus Solidago. Bull. Torrey 
Bot. Club 72: 235-245. 1945. 

Green, M.L. The correct name of the yellow hybrid Aster. Kew Bull. 
1937 : 350-352. 

——_———. On the validity of the name Solidaster. Chron. Bot. 4: 
36-39. 1938. 

GREENLEAF, W. H. Induction of polyploidy in Nicotiana. Jour. Hered. 
29: 451-464. 1938. 

Sterile and fertile amphidiploids. Their possible relation 
to the origin of Nicotiana tabacum. Genetics 26: 301-324. 1941. 

—————. Genic sterility in Tabacum-like amphidiploids of Nicotiana. 
Jour. Genet. 43: 69-96. 1942. 

Grecor, J. W. Experimental taxonomy. IV. Population differentiation 
in North America and European sea-plantains allied to Plantago 
maritima L. New Phyt. 38: 293-322. 1939. 

The units of experimental taxonomy. Chron. Bot. 7: 


193-196. 1942. 














106. 
107. 
108. 
109. 
110. 
111. 


112. 
113. 


114. 


115. 
116. 
117. 
118. 
119. 
120. 
121. 


122. 


123. 


124. 
125. 
126. 


127. 


128. 


129. 


130. 
131. 
132. 


WILD SPECIES-HYBRIDS IN PHANEROGAMS. II 101 


GRIESINGER, R. and M. Kiinxowski. Geographie und Cytologie des 
europaischen Formenkreise der Gattung Ornithopus. Zichter 11: 
147-161. 1939. 

Gustarrson, A. Skandinaviens Rubus flora. Bot. Not. 1938: 378-420. 

——_—_———.. Differential polyploidy within the blackberries. Hereditas 
25: 33-47. 1939. 

——_———.. The origin and properties of the European blackberry flora. 
Hereditas 28: 249-277. 1942. 

Harr, J. B. The chromosome complements of some New Zealand 
Plants. Trans. Royal Soc. New Zealand 71: 271-276. 1942. 

HEILBoRN, O. Chromosome studies in Cyperaceae. III-IV. Hereditas 
25: 224-240. 1939. 

Hec1, G. Illustrierta Flora Mittle Europas Bd. IV/2: 759-805. 

Herne, E. M. Observations on the pollination of New Zealand flower- 
ing plants. Trans. Royal Soc. New Zealand 67: 133-148. 1937. 

Howarp, H. W. and I. Manson. Autopolyploid and allopolyploid 
be gen with the description of a new species. Ann. Bot. 10: 
-13. 1946. 

Hupricnt, L. and E. ANDERSON. Vicinism in Tradescantia. Am. Jour. 
Bot. 28: 957. 1941. 

Hux ey, J. S. The new systematics. 1940. 

— ———. Evolution. The modern synthesis. 1942. 

—————.. Species and evolution. Endeavour 5: 3-12. 1946. 

Hy Lanper, N. De svenska formerna av Mentha gentilis L. coll. Acta 
Phyt. Suecica 14: 1-49. 1941. 

Jounson, B. L. Natural hybrids between Oryzopsis hymenoides and 
several species of Stipa. Am. Jour. Bot. 32: 599-608. 1945. 
on Cytotaxonomic studies in Oryzopsis. Bot. Gaz. 107: 1-32. 


and Rocier, G. A. A cyto-taxonomic study of an inter- 
generic hybrid between Oryzopsis hymenoides and Stipa viridula. 
Am. Jour. Bot. 30: 49-56. 1943. 

Jounson, L. P. V. A note on inheritance in Fi and F: hybrids of 
Populus alba L.xP. grandidentata Michx. Am. Jour. Bot. 24: 
313-317. 1946. 

KreLitanper, C. L. En ny Poa-hybrid, Poa palustris x Poa compressa. 
Bot. Not. 1944: 363-372. 

Know es, P. F. Interspecific hybridization of Bromus. Genetics 29: 
128-140. 1944. 

Kostorr, D. Studies on polyploid plants, XVIII. Cytogenetic studies 
on Nicotiana sylvestris x N. tomentosiformis hybrids and amphidiploids 
and their bearings on the problem of the origin of N. tabacum. 
Compt. Rend. Acad. Sci. U.R.S.S. 18: 459-462. 1938. 

————. Studies on polyploid plants. XXI. Cytogenetic behaviour 
of the allopolyploid hybrids Nicotiana glauca Grah. x Nicotiana 
langsdorfii Weinm. and their evolutionary significance. Jour. Genet. 
37: 129-208. 1938. 

—————.. Cytogenetics of the genus Nicotiana. [Abs. in Pl. Breed. 
Abs. 16: 374. 1946]. 

Kramer, H. H. The evaluation of individual plant selections from a 
natural population of guayule, Parthenium argentatum Gray. Jour. 
Am. Soc. Agron. 38: 22-31. 1946. 

Lammenrts, W.E. New double flowering Leptospermum hybrids. Jour. 
Cal. Hort. Soc. 6: 250-257. 1945. 

Lamprecut, H. Die genisch-plasmatische Grundlage der Art-barriere. 
[Abs. in Pl. Breed. Abs. 16: 302. 1946]. 

Larisey, M. M. Analysis of a hybrid complex between Baptisia 
— and Baptisia viridis in Texas. Am. Jour. Bot. 27: 624-628. 
1940. 








102 


133. 
134. 
135. 
136. 


137. 
138. 


139. 


140. 


141. 
142. 
143. 


144. 
145. 
146. 
147. 
148. 
149. 


150. 
151. 
152. 


153. 
154. 
155. 
156. 
157. 





THE BOTANICAL REVIEW 


Lewis, H. and C. Epttnc. Formation of a diploid species of Delphinium 
by hybridization. Am. Jour. Bot. 33: 235-236. 1946. [Abs.] 
Littte, E. L. New names in Quercus and Osmanthus. Jour. Wash. 
Acad. Sci. 33: 8-11. 1943. 
—> in Interspecific hybridization in Stipa L. Am. Nat. 80: 189- 
Marspen-Jones, E. M. and F. E. Wetss. The essential differences be- 
tween Anagallis arvensis Linn. and Anagallis foemina Mill. Proc. 
Linn. Soc. London, Sess. 150: 146-155. 1938. 
and W. B. Turriyi. Researches on Silene maritima and S. 


vulgaris. XXIV. Kew Bull. 1939: 465-473. 


Martin, W. Species of Celmisia indigenous to Marlborough, and de- 
scriptions of new species and varieties. Trans. Royal Soc. New 
Zealand 65: 169-186. 1935. 

. Notes on the indigenous flora of Marlborough (New 
Zealand) with special reference to plant distribution. Trans. Royal 
Soc. New Zealand 67: 414-425. 1938. 

McAutay, A. L. Evidence for the existence of a natural hybrid be- 
tween Eucalyptus globulus and E. ovata. Pap. & Proc. Royal Soc. 
Tasmania 1937: 45-46. 

McMinn, H. E. The importance of field hybrids in determining species 
in the genus Ceanothus. Proc. Cal. Acad. Sci. 25: 323-356. 1944. 
McVaucuH, R. The status of certain anomalous native crab-apples in 

eastern United States. Bull. Torrey Bot. Club 70: 418-429. 1943. 

Mo.penkKE, H. N. The known geographic distribution of the members 
of the Verbenaceae and Avicenniaceae. Supp. 2. Bot. Gaz. 106: 158- 
164. 1944. 

Muntzinc, A. Genetics in relation to general biology. Hereditas 24: 
492-504. 1938. 

Further studies on apomixis and sexuality in Poa. Heredi- 


tas 26: 115-190. 1940. 


Murseck, S. Bastarder och artsystematik. Bot. Not. 1943: 314-332. 

NANNFELDT, J. A. Poa supina Schrad. i Sverige och dess hittills 
forbisedda hybrid med Poa annua L. Bot. Not. 1935: 1-16. 

————. Taxonomical and plant-geographical studies in the Poa 
laxa group. Symb. Bot. Upsalla 1(5). 1935. 

————. On Poa jemtlandica (Almqu.) Richt., its distribution and 
possible origin. A criticism of the theory of hybridization as the 
cause of vivipary. Bot. Not. 1937: 1-27. 

—————._ The chromosome numbers of Poa sect. Ochlopoa and their 
taxonomic significance. Bot. Not. 1937: 238-254. 

—————. Om Poa supinas utbredning i Norden. Bot. Not. 1937: 
258-265. 


. Poa maroccana Nannf. n. sp. and P. rivulorum Maire and 
Trabut, two more tetraploids of sect. Ochlopoa A. & Gr., and some 
= notes on Ochlopoa. Svensk. Bot. Tidstkr 32: 295-321. 
1938. 
On the polymorphy of Poa arctica with special reference 
to its Scandinavian forms. Symb. Bot. Upsalla 4(4). 1940. 
Nirsson, H. Anagallis arvensis L. s. 1. und die Natur ihrer Farben 
varianten. Hereditas 24: 97-109. 1938. 
Nycren, A. The genesis of some Scandinavian species of Calamagrostis. 
Hereditas 32: 131-262. 1946. 
Ottver, W. R. B. The genus Coriaria in New Zealand. Rec. Dom. 
Mus., Wellington 1: 21-43. 1942. 
Ownsey, M. and W. A. Weser. Natural hybridization in the genus 
Balsamorhiza. Am. Jour. Bot. 30: 179-187. 1943. 














158. 
159. 
160. 
161. 


WILD SPECIES-HYBRIDS IN PHANEROGAMS. II 103 


Ostercren, G. Cytology of Agropyron junceum, A. repens and their 
spontaneous hybrids. Hereditas 26: 305-316. 1940. 

—- eg The species concept in Crataegus. Chron. Bot. 7: 373- 

Petterson, B. Cephalanthera longifolia (L.) Fritsch. x C. rubra Rich. 
pa Gotska sandon. Bot. Not. 1941: 114-122. 

Puitiprson, W. R. A revision of the British species of the genus 
Agrostis. Jour. Linn. Soc. (Bot.) 51: 73-150. 1937. 


162. Potunin, N. Contributions to the flora and phytogeography of south 
western Greenland: an enumeration of the vascular plants with 
critical notes. Jour. Linn. Soc. (Bot.) 52: 349-406. 

163. Quam, ao Una nueva Centaurea hibrida. Bol. Soc. Brot. 19: 261- 

164. Rickett, H. W. Cornus stolonifera and Cornus occidentalis. Brittonia 
5: 149-159. 1944. 

165. ——————. Cornales. No. Am. Flora 28B: 297-316. 1945. 

166. Rmey, H. P. Hybridization in a colony of Tradescantia. [Abs. in 
Genetics 22: 206-207. 1939]. 

167. . Accharacter analysis of colonies of Jris fulva, Iris hexagona 
var. giganticaerulea and natural hybrids. Am. Jour. Bot. 25: 727- 
737. 1938. 

168. ——————.._Introgressive hybridization in a natural population of 
Tradescantia. Genetics 24: 753-769. 1939. 

169. Rotitins, R. C. Evidence for natural hybridity between guayule 
(Parthenium argentatum) and mariola ‘Parthemum incanum). Am. 
Jour. Bot. 31: 93-98. 1944. 

170. ——————.._ Interspecific hybridization in Parthenium. Pt. II. Am. 
Jour. Bot. 33: 21-30. 1946. 

171. Ronnicer, R. Neuheiten aus der Flora von Karntens. Fedde Rep. 48: 
268-270. 1940. 

172. Routeau, E. Notes taxonomiques sur la flore phanérogamique du 
Québec. Nat. Canad. 71: 265-272. 1944. 

173. Rypperc, P. A. Rubus. No. Am. Flora 22: 428-480. 1913. 

174. Satter, T. M. The genus O-alis in South Africa. Jour. So. Afr. Bot. 
1(Suppl.). 1944. 

175. Saxén, U. Die varietaten von Carex salina Weg. ssp. suspidata Wg. 
nebst ihren Hybriden an den Kiisten des Bottnischen Busens, Finn- 
land. Acta Bot. Fenn. 22/23: 1-30. 1938. 

176. SERNANDER, R. Prunus spinosax Prunus insititia i den svenska 
vaxtvarlden, jamte nagra ord om Prunus-arternas vaxtgeografiska 
stallning i densamma. Acta Phyt. Suecica 13: 101-200. 1940. 

177. Suinners, L. H. The genus Aster in Wisconsin. Am. Mid. Nat. 26: 
398-420. 1941. 

178. Sttow, R. A. Evidence on chromosome homology and gene homology 
in the amphidiploid New World cottons. Jour. Genet. 47: 213-221. 
1946. 

179. Stmpson, G. A revision of the genus Carmichaelia. Trans. Royal 
Soc. New Zealand 75: 231-287. 1945. 

180. and J. Scorr THomson. Notes on some New Zealand 
plants and descriptions of new species (2). Trans. Royal Soc. 
New Zealand 72: 21-40. 1942. 

181. SmitH, E. C. Chromosome behavior in Catalpa hybrida Spaeth. Jour. 
Arn. Arb. 22: 219-221. 1941. 

182. ——————-. A study of cytology and speciation in the genus Populus L. 
Jour. Arn. Arb. 24: 275-305. 1943. 

183. Spracue, T. A. The nomenclature of hybrids. Chron. Bot. 5: 209-212. 


1939, 








184. 
185. 


186. 
187. 


188. 


189. 
190. 
191. 


192. 
193. 


194. 


195. 


196. 


197. 
198. 
199. 


201. 
202. 
203. 


205. 


207. 
208. 


104 





THE BOTANICAL REVIEW 


STeEaRN, W. T. Epimedium and Vancouveria (Berberidaceae), a 
monograph. Jour. Linn. Soc. (Bot.) 51: 409-534. 1938. 
Stessins, G. L. The significance of polyploidy in plant evolution. Am. 
Nat. 74: 54-60. 1940. 
. Apomixis in the angiosperms. Bot. Rev. 7: 507-542. 1941. 
————. The role of isolation in the differentiation of plant species. 
Biol. Symp. 6: 217-233. 1942. 
—————.. The concept of genetic homogeneity as an explanation of 
the existence and behavior of rare and endemic species. Chron. Bot. 
7: 252-253. 1942. 
————.. The cytological analyses of species hybrids 11. Bot. Rev. 
11: 463-486. 1945. 
————-. Artificial synthesis of old and new polyploid species in 
Bromus. [Abs. in Genetics 32: 107-108. 1947]. 
and E. B. Bascockx. The effect of polyploidy and apomixis 
og evolution of species in Crepis. Jour. Hered. 30: 519-530. 
and J. A. Jenkins. Aposporic development in the North 
American species of Crepis. Genetica 21: 191-224. 1939, 
and H. A. Toscy. The cytogenetics of hybrids in Bromus. 
ig within the section Ceratochloa. Am. Jour. Bot. 31: 





‘ and J. R. Hartan. The cytogenetics of hybrids 

in Bromus. II. Bromus carinatus and Bromus arizonicus. Proc. 
Cal. Acad. Sci. 25: 307-322. 1944. 

et al. Artificial and natural hybrids in the Gramineae, tribe 
Hordeae. I. Elymus, Sitanion, and Agropyron. Am. Jour. Bot. 
33: 338-351. 1946. 

et al. Artificial and natural hybrids in the Gramineae, 
Tribe Hordeae. II. Agropyron, Elymus and Hordeum. Am. Jour. 
Bot. 33: 579-586. 1946. 

— T. A new hybrid Dactylorchis. Jour. Bot. 80: 104. 

—— R. Flora der Insul Oland. Acta Phyt. Suecica 9: 169 pp. 

STOCKWELL, P. A revision of the genus Chaenactis. Contr. Dudley 
Herb. Stanford Univ. 3: 89-167. 1940. 

- and F. I. Ricuter. Pinus: the fertile species hybrid between 
knobcone and Monterey pine. Madrofio 8: 157-160. 1946. 

Stout, A. B. The nomenclature of cultivated plants. Am. Jour. Bot. 
27: 339-347. 1940. 

Taytor, J. M. and W. A. SLepce. X Potamogeton cognatus Asch. and 
Graeb. in Britain. Naturalist, October-December, 1944: 121-123. 

Turritt, W. B. Ecological isolation. Kew Bull. 1938: 384-390. 

Uittien, H. Reflections on the nomenclature of so-called hybrids. 
Chron. Bot. 5: 212-214. 1939. 

Warsurc, E. F. Taxonomy and relationship in the Geraniales in the 
light of their cytology. Part I. New Phyt. 37: 130-159. 1938. 
——__——. Taxonomy and relationship in the Geraniales in the light 

of their cytology. Part II. New Phyt. 37: 189-210. 1938. 

——- H. E. Polyploidy and evolution. Am. Nat. 75: 344-346. 
1941. 

WEBEL, R. O. and C. M. WoopwortH. Use of natural crossing plot 
in ee castor bean hybrids. Jour. Am. Soc. Agron. 38: 563-565. 
1945. 

Wetmore, R. H. and A. L. De iste. Studies in the genetics and 
cytology of two species in the genus Aster, and their polymorphy in 
nature. Am. Jour. Bot. 26: 1-11. 1939. 


























210 


211 


212. 
213 


WILD SPECIES-HYBRIDS IN PHANEROGAMS. II 105 


. Wueeier, H. M. A contribution to the cytology of the Australian- 
South Pacific species of Nicotiana. Proc. Nat. Acad. Sci. 31: 
177-185. 1945. 

. Wiecanp, K. M. A taxonomist’s experience with hybrids in the wild. 
Science 81: 161-166. 1935. 

. Wutrr, E. V. An introduction to historical plant geography. 1943. 

. Zotov, V. D. Certain changes in the nomenclature of New Zealand 
— of Gramineae. Trans. Royal Soc. New Zealand 73: 233-238. 














CYTOLOGY OF BACTERIA. II 


GEORGES KNAYSI 


Laboratory of Bacteriology, State College of Agriculture, 
Cornell University, Ithaca, N. Y. 


INTRODUCTION 


Since the author wrote (1938), in this journal, his first review 
on the cytology of bacteria, interest in the structure of the bacterial 
cell and knowledge of that structure have considerably increased. 
This was due to a number of reasons: development of the electron 
microscope; application of new techniques and refinement in old 
ones ; development of new points of view. It would be presumptu- 
ous to say that present knowledge of the structure of the bacterial 
cell is complete. It is certain, however, that the progress of the last 
decade transformed bacterial cytology from a philosophy into a 
science in which structure and behavior are beginning to show re- 
lationships and common grounds. This, indeed, is the “raison 
d’étre” of cytology. 

Books and reviews published during the last ten years were the 
following : ImSenecki (1940), Lewis (1941), Knaysi (1944), Mudd 
and Anderson (1944), and Dubos (1945). This brief review will 
be devoted, chiefly, to the progress made during this period. The 
literature is covered till the closing months of 1947. 


FORM AND SIZE OF THE BACTERIAL CELL 
Form 


There are three fundamental forms which can be assumed by a 
normal bacterial cell: the coccus form in which the cell is ellipsoidal 
or spherical; the rod form in which the cell is cylindrical or re- 
sembles a long ellipsoid; and the spiral form in which the cell is 
helicoidal. The terms “spherical”, “ellipsoidal”, “cylindrical” or 
“helicoidal” are descriptive of what approaches the corresponding 
geometrical form. 

In a young or a mature culture growing under uniform conditions, 
a given form may predominate, but almost always deviation from 
that form may be observed. In a culture of Streptococcus, for in- 
stance, rod-like forms may often be observed ; a culture of a rod-like 


1 Supplement to article in The Botanical Review 4: 83-112. 1938. 
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strain may contain both coccus and helicoidal cells; cultures of 
Vibrio or Spirillum may contain coccus and rod-like cells. In old 
cultures the mixture of forms becomes more common, and many 
cells assume irregular or involution forms. Certain strains, called 
“pleomorphic”, regularly exhibit mixtures of forms, even in young 
cultures. Variation of form in a uniform environment may be due 
to irregularities in cell division, as in a mixture of coccus and rod- 
like forms, or to local irregularities in the cell wall, as in a mixture 
of rod-like, wavy and helicoidal forms. In cells grown on the 
surface of agar, the shape of a cell may be altered by friction or other 
physical factors. Recent observations by Pijper (1946, 1947a) on 
Eberthella typhosa show that motility induces a helicoidal form 
which persists after motility ceases. Pijper (1946) states that “the 
conventional description of bacteria as rods is due to their appear- 
ance in killed, fixed and stained preparations. . .”. Since the nor- 
mal shape should be that characteristic of the active state, “the 
normal shape of a motile bacterium is not rod-like but is that of a 
spiral or a helix. To how many bacterial species this conception 
applies is difficult to say at the moment. It does not seem excluded 
that even those that are non-motile nowadays still preserve an indi- 
cation of a previous more active period and shape.” This view is 
opposite to that previously expressed by Ellis (1923) who con- 
sidered Spirillum as a rod-like organism with a delicate membrane, 
which assumes a helicodial form because of its motion. 

The form of a cell determines the relation between its surface 
area and its volume, and thus affects its relation to environment. 
The most valuable expression of form is the one which relates most 
closely the form of the cell to its volume and its surface area. In 
deriving such an expression, strictly geometrical form is assumed 
which in many instances is not too far from the truth. Expressions 
suitable for coccus and helicoidal cells were applied and discussed 
by Knaysi (1941b, 1944). No similar expression has yet been 
derived for rod-like cells, and the ratio between width and length is 
still used for this purpose. The mathematical study of form and its 
value may be illustrated by the work of Henrici (1928) and Knaysi 
(19415). 

Size and Other Dimensional Relations 


Knaysi (1944) published formulae for the rectification of heli- 
coidal and wavy dimensions as well as for the estimation of volumes 
and surface areas of cells for all three standard forms. 
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Experimental Determination of Form and Size 


Almost always the form and size of the bacterial cell are deter- 
mined directly by means of the microscope. The direct methods 
commonly used may be classified as follows: 

1. With the electron microscope. 
2. With the light microscope: 
a) on living cells 
b) on stained cells 
c) on dried, “negatively stained” cells. 

These various methods will now be discussed and evaluated. 

With the Electron Microscope. Dubin and Sharp (1944) 
observed that “The appearance of Bacillus megatherium in electron 
micrographs is different from that of the same organism seen in 
light micrographs. Images in the electron micrographs indicate 
plainly the presence of two structures constituting the bacterial cell, 
an inner dense substance and an outer less dense substance. This 
outer substance of the bacterial cell is invisible in the light micro- 
graphs. ... There is no significant difference between measure- 
ments of the size of unstained bacteria dried in air and photographed 
with the light microscope and measurements of the comparable por- 
tion (inner dense substance) of the identical bacteria later photo- 
graphed in the electron microscope.” A glance at the illustrations 
published by Dubin and Sharp shows that the “outer substance” 
which is invisible with the light microscope is the cell wall which 
surrounds the “inner dense substance of shrunken protoplasm.” 

Recent work by Hillier and Knaysi (1947b) showed that when a 
bacterial cell is dried in the air on a collodion film it becomes 
flattened and its protoplasm shrinks to a variable degree; the cell 
wall also shrinks but usually much less than the protoplasm. Col- 
lapse of the cell wall tends to increase the width of the cell in relation 
to its length and thus affects its form. However, this latter effect is 
more than counterbalanced by the shrinkage of the cell wall, so that 
cell width in electron micrographs is smaller than in tne living cell. 

With the Light Microscope: a) On the living cell. When a 
bacterial cell is observed in the living state, one observes only the 
protoplasm surrounded by the cytoplasmic membrane. The cell 
wall is not visible. Consequently, the cell appears slightly more 
slender and smaller than it is. Because of the thinness of the cell 
wall, however, the form and size observed by this method are nearest 
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to the true form and size of the cell. This statement is true only 
when the cell is observed in its own culture medium. Transfer of 
the cell into a medium of different osmotic concentrations usually re- 
sults in swelling or shrinkage of the cell. Dutky (1933) observed a 
linear cytoplasmic contraction of 14% to 25% when young cells 
of Bacillus megatherium were transferred from ordinary broth to 
broth containing NaCl in 2-molar concentration, and Lasseur, 
Dupaix, and Georges (1932) observed an increase in volume from 
0.100 to 0.140 »® when cells of Pseudomonas caryocyanea were 
transferred from physiological salt solution to distilled water. 

b) On the stained cell. Until recently form and size were studied 
in dry, stained smears, but it was shown by Knaysi (1941a) that 
what one sees in sucht smears is a shrunken protoplasm which has 
neither the form nor the size of the living cell. On the other hand, 
when the bacteria are stained in a way that renders the cell wall 
visible, and observation is made on wet smears, the form and size 
of a cell are not significantly different from its form and size in the 
living state. 

c) On dried, “negatively stained” cells. This has been a very 
popular method with certain investigators. Dubin and Sharp 
(1944) found that “Measurements of the size of B. megatherium 
obtained by Benians’ Congo red method were less than those of the 
total bacterial substance seen in the electron micrographs.” 
Knaysi (1944) pointed out that “Dry negative preparations are 
often unsuitable for the study of form, particularly in capsulated 
organisms, because the slime layer is included in the apparent out- 
line of the cell.” Capsulated organisms also appear considerably 
larger. Using Bacillus mycoides, Knaysi (1945b) showed that in 
the absence of capsules “the cells may appear larger or smaller than 
their real size depending on the thickness of the dye film surround- 
ing the cells.” 

Variability of Form and Size 


Since the bacterial cell is in direct contact with the environment, 
its form, size, metabolic activities and other characteristics are 
greatly affected by the environment. These aspects were adequately 
discussed by Knaysi (1944) who also pointed out that, at least in 
bacteria, what is usually attributed to age is the result of the 
process of growth or of alteration in the environment brought about 
by the activities of the bacteria themselves. Changes due to age 
were called “cytomorphosis” by Henrici (1928). 
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a. Imposed Environment. It was shown by Knaysi (1943) that 
the effect of MgSO, on cell morphology, previously observed by 
Stapp and Zycha (1931) in Bacillus mycoides, may also be observed 
in other bacteria. In Escherchia coli MgSO, causes enlargement 
and deformation of the cells. Besides yeast-like cells, one observes 
ring-like forms and numerous enlarged curved cells often with 
pointed ends. .The cytoplasm is highly vacuolated. This effect 
was correlated with osmotic pressure and permeability, Bayne- 
Jones and Sandholzer (1933) observed enlargement or swelling of 
the cells of Escherchia coli before lysis with the bacteriophage. 
Some of the .nlargement was an expression of increase in cell sub- 
stance, and was not altogether due to imbibition of water. This 
was not observed in Bacillus megatherium. 

Most of the literature which appeared on this subject during the 
last ten years dealt with the effect of sulfa drugs (Gay and Clark, 
1937 ; Lockwood, 1938; Tunnicliff, 1939), of penicillin (Gardner, 
1940; Fleming, 1941; Smith and Hay, 1942; Hobby, Meyer, and 
Chaffee, 1942; Weiss, 1943; Miller and Foster, 1944; Miller, Scott 
and Moeller, 1944; Hobby and Dawson, 1944; Lee, Foley, and 
Epstein, 1944; Rantz and Kirby, 1944; Todd, 1945; Chain and 
Duthie, 1945 ; Thomas and Levine, 1945; Alture-Werber, Lipscitz, 
Kashdan, and Rosenblatt, 1945; Fisher, 1946; Shanahan, Eisen- 
stark, and Tanner, 1947; Pratt and Dufrenoy, 1947; Dufrenoy and 
Pratt, 1947) and of tyrothricin (Johnson, 1944). The effect is 
expressed by enlargement and deformation of the cells, lysis and, 
in Gram-positive bacteria, often an alteration in this reaction. It is 
interesting that in pneumococcus the capsule persists after the pro- 
toplasm is lysed. The effect was found maximum during the active 
growth of the culture and was attributed by most investigators to 
interference with the mechanism of cell division. On the other hand, 
Garrod (1945) found the maximum effect at 42° C. after growth 
had stopped. 

b. Age. Variation of form and size in a given medium during 
the early stages of development are largely due to growth and multi- 
plication. The work of Clark and Ruehl (1919) and of Henrici 
(1928) on this subject was previously reviewed (Knaysi, 1938, 
1944). 

A cinematographic study of the growth of cell volume with time 
during active growth was made by Bayne-Jones and Adolph (1932a, 
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1932b) on the yeast Saccharomyces cerevisiae and on Escherichia 
coli, and by Adolph and Bayne-Jones (1932) on Bacillus megathe- 
rium. When the volume of a single yeast cell is plotted against 
time, an S-like curve is obtained; plotting the logarithms of the 
volume against time gives a curve which is continuously concave 
toward the time axis. In the case of E. coli, logarithms of the 
volume plotted against time give a wavy curve which, as the culture 
becomes older, tends to become irregular but seems to approach an 
S-shape. With Bacillus megatherium volume against time gives a 
curve continuously concave toward the volume axis, and the log- 
arithms of the volume against time give a straight line. Adult 
lengths, breadths and volumes of the bacteria “were progressively 
modified at various ages of the culture. Mean sizes and total bulk 
in the culture appeared to depend upon rates of growth and of 
reproduction. Evidence was adduced that rates of growth con- 
trolled rates of reproduction. Adult sizes could be considered more 
primary than rates of reproduction in controlling the characteristics 
of individuals.” Perhaps the most interesting aspect of this work is 
the finding that growth of the yeast cell ceases and resumes with 
the formation of each new bud, a relation not found between con- 
secutive generations of the bacteria they investigated. This work 
was followed up by Knaysi (1940) who found that the rythmic rela- 
tion in growth is also present in the dividing yeast Schizosac- 
charomyces pombe but not in Bacillus cereus. Consequently, 
rythmic growth is not the result of multiplication by budding. In 
a later study Knaysi (19415) observed rythmic growth in Strep- 
tococcus faecalis and suggested that it may be a characteristic of 
uninuclear cells. The “resting” cell of this organism has the form 
of a slightly flattened ellipsoid ; when transferred to a fresh medium 
it gradually elongates into a sphere and then into an elongated 
ellipsoid; when the volume reaches a maximum of 2.7-3.4 »® the 
cell divides into two cells each having the shape of a flattened 
ellipsoid (E about -0.5). The width of the cell undergoes only a 
very slight change during the process. In Bacillus cereus there is 
no definite volume at which the cell divides. Knaysi also found that 
the cell of Streptococcus faecalis divides when the ratio of surface 
area to volume reaches a certain value (3.6-3.8). In Bacillus cereus 
this ratio is practically constant. When the entire culture of Strep- 
tococcus faecalis is considered, the predominating form and size are 
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determined by the statistical condition of the cufture with respect 
to form and dimensions of its cells, which is determined by the 
statistical conditions of the cells with respect to growth and multi- 
plication. In young cultures the average cell volume fluctuates 
considerably with time and becomes more steady as the culture 
matures. The average form follows a somewhat parallel curve. 


Dissociation 


Inheritable changes in form and size may be caused by dissocia- 
tion. It must be emphasized, however, that the resulting strains 
are affected by age and environment in the manner described above. 

The literature on variations of this type is extensive and was 
recently reviewed by Braun (1947) and by Luria (1947). A 
characteristic tendency of this period has been to consider these 
changes chiefly mutational, a point of view which is justified by the 
similarity of organization between the cell of bacteria and that of 
other organisms. It is hoped, however, that the geneticist will show 
discrimination in applying knowledge gained from the study of 
higher organisms to bacteria. 


STRUCTURE OF THE BACTERIAL CELL 


During the last decade considerable progress was made in knowl- 
edge of the structural make up of the bacterial cell. The existence 
of a cytoplasmic membrane and a cell wall was definitely proved. 
A nucleus was demonstrated in a few species, and there are reasons 
to expect that its existence is more general than heretofore believed. 
The structure of the endospore was considerably clarified. The 
flagella became again a subject for investigation. Furthermore, 
much was learned about some important cellular processes, such 
as multiplication and spore formation. Notable advances were made 
in knowledge of the chemical and antigenic composition of various 
structures, and in certain instances their behavior was related to 
certain cell properties and cellular processes. 


Cytoplasm and Cytoplasmic Membrane 


The cytoplasm is that ground material which, together with the 
surrounding cytoplasmic membrane, occupies the cavity of the cell 
wall. When free of inclusions the cytoplasm is optically homo- 
geneous and appears so even with the electron microscope. It is 
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probably a colloidal system containing water, protein, lipoids, usually 
ribonucleic acid and other substances in which the relation to one 
another is uncertain. In Spirillum volutans the viscosity of the 
cytoplasm is not unusually high as compared to that of organisms 
other than bacteria (King and Beams, 1942). 

The cytoplasmic membrane is a highly refractive and stainable 
structure of variable thickness. In the living cells of Bacillus cereus 
it varies in thickness from 0.2 to 0.3 » (Knaysi, 1946a). In electron 
micrographs the cytoplasmic membrane of Bacillus mycoides appears 
very thin. The difference is probably due not only to a difference 
between organisms and to desiccation, but also to the fact that the 
thickness observed with the light microscope is magnified by a 
diffraction halo. 

The cytoplasmic membrane normally stains with dyes of the 
Sudan series, gives the Sharp test for proteins, and a positive 
Feulgen reaction. These characteristics survive autolysis of the 
cytoplasm and treatment with fat solvents;,it has an isoelectric 
range below that of simple proteins, even in Gram-negative species 
(Knaysi, 19462). These reactions lead to the conclusion that the 
principal component of the cytoplasmic membrane is a stable com- 
bination of lipoids and proteins, namely, lipoprotein. There is also 
evidence that this lipoprotein molecule may be conjugated with some 
complex organic radical related to ribonucleic acid. It should be 
emphasized, however, that the composition of the cytoplasmic mem- 
brane is by no means constant; its lipoid and nucleic acid content 
varies considerably. The work of Knaysi and Baker (1947b) with 
the electron microscope showed that the membrane of Bacillus 
mycoides consists of molecules 40 A to 60 A in width in the form of 
beaded threads. 

In the life of the cell the cytoplasmic membrane is extremely 
important in cell permeability and cell division. In Bacillus cereus 
and Bacillus mycoides it is a site of lipoid synthesis (Knaysi, 1945a, 
1946a). 

The Nucleus 


During the last ten-year period a number of contributions were 
made to the study of the nuclear problem. Delaporte (1939-40) 
concluded and extended her early work (1934, 1935, 1936a, and 
1936b) on the structure of bacteria and the Cyanophyceae. Using 
a number of staining procedures and the Feulgen reaction, she re- 
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ported that in the cocci, chromatin is in the form of a granule; in 
rod-like bacteria, it is a granular rod which may break up into 
granules; in coccobacilli, such as Azotobacter agilis, it may be as 
in the cocci or as in rod-like cells; in Spirillum and the filamentous 
sulfur and iron bacteria, it is in the form of a central rod as in 
rod-like bacteria. Some of the red sulfur bacteria contain a central 
body ; in Chromatium and Achromatium chromatin is either in the 
form of a central mass or fragmented into several portions. The 
paper includes an exhaustive review of the literature. 

Stille (1937) reported that Feulgen-positive bodies may be 
readily observed in various bacteria if the temperature of hydrolysis 
is reduced to 40° C. Piekarski (1938, 1939a, 1939b, 1940) investi- 
gated the nucleus, using staining procedures, the Feulgen reaction 
and the ultra-violet and electron microscopes (see also Piekarski 
and Ruska, 1939). The results by all methods were similar: rod- 
like bacteria contain one or more nucleus-like bodies or nucleoids 
which divide before cell division ; Sarcina contains a single central 
nucleoid. Young cells stained uniformly with acetic carmin or 
Giemsa’s solution, but the nucleoids became readily demonstrable 
when the cells were stained after treatment with hydrochloric acid. 
Piekarski attributed the beneficial effect of HCl to loosening the 
structure of the cell membrane. Nucleoids were demonstrable with 
the electron microscope in individual cells from most old cultures of 
Eberthella typhosa, Escherichia coli, Serratia marcescens, Proteus 
and Pseudomonas aeruginosa, but rarely in cells of young cultures. 
In old cultures the cells contain a single central nucleoid ; in young 
cultures there is a nucleoid at each end. Piekarski and Ruska 
(1939) confirmed these observations but found little structural dif- 
ferentiation in the cells of Sarcina alba, Sarcina lutea and Bacillus 
subtilis. Piekarski (1939b) was unable to observe structure in the 
nucleoid and concluded that it is not made up of individual elements 
(chromosomes). Chance (1938) and Allen, Appleby and Wolf 
(1939) observed nucleus-like bodies in members of Bacillus. 
Chance saw evidence of mitosis, and Allen et al. that of meiosis. 

Knaysi (1941c, 1942) demonstrated in the cells of Staphy- 
lococcus flavo-cyaneus bodies which stained with methylene blue at 
pH 1.8-2.0, were insoluble in boiling water within ten minutes or 
in 0.02% NaHCO; within two hours, gave the Millon and the 
Sharp tests for protein and a positive Feulgen reaction. When the 
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smears were placed in a solution consisting of 90 ml. of distilled 
water and ten ml. of conc. HCl for 24 hrs. at room temperature, the 
bodies were not demonstrable with methylene blue at pH 2.4, but 
were still demonstrable at pH 4.6 to 4.8. They were distinct from 
any inclusions known to occur in the bacterial cell. Resting cells 
contained a single granule, round or slightly ellipsoidal; actively 
growing cells contained from two to four granules of shapes indicat- 
ing elongation and division. Knaysi concluded that these bodies 
were, both chemically and morphologically, of nuclear nature. 

Robinow (1942, 1944, 1945) combined staining with Giemsa’s 
solution after fixation of the cell suspension with vapors of osmium 
tetroxide (Dobell, 1911) and hydrolysis by HCI ( Piekarski, 1939a). 
He was thus able to demonstrate in vegetative cells or endospores 
of a number of bacteria bodies which in young cultures showed a 
possible evidence of division. These bodies were called “chroma- 
tinic structures” or, following Badian (1933, 1935), “chromosomes.” 
Lewis (1942) showed that the important step in the process is that 
of hydrolysis ; in cells treated with HCl these bodies may be clearly 
seen after staining with methylene blue. According to Robinow 
(1945) the effect of hydrolysis is chiefly to reduce stainability of 
the cytoplasm in vegetative cells and to increase permeability of the 
membrane in the endospores. Robinow was unable to observe the 
same bodies with the electron microscope. 

Knaysi and Mudd (1943) studied the internal structure of a 
number of bacteria with the RCA electron microscope. Organisms 
opaque to the electrons at 60 kilovolts were also observed at higher 
voltages. At 60 kv, the young cells of Staphylococcus flavo-cyaneus, 
Staphylococcus aureus and Streptococcus pyogenes appeared homo- 
geneously opaque to the electrons; those of Neisseria gonorrhoeae 
were homogeneous and semitransparent ; those of Brucella abortus 
and Pasteuralla pestis showed a homogeneous transparent proto- 
plasm containing one to several bright vacuoles. Old cells of the 
latter two organisms showed a transparent protoplasm containing 
one or two opaque bodies of unknown nature. Mature cells of 
Neisseria meningitidis had a transparent protoplasm containing one 
opaque body per cell; this body was insoluble in water at 80° C., 
indicating that it was not volutin. Treatment of the opaque cells 
with dilute sodium bicarbonate obscurely revealed the presence of 
internal bodies in Staphylococcus flavo-cyaneus but not in Staphy- 
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lococcus aureus. With the high-voltage microscope cells of 
Staphylococcus flavo-cyaneus from a two-day-old culture at room 
temperature were transparent and contained beautiful, often paired, 
opaque bodies which, liberated from the cells by sonic vibrations, 
gave a position Feulgen reaction and closely resembled the nuclei 
previously observed in this organism by Knaysi (194lc, 1942). 
Unpublished results of chemical analysis made by Smolens showed 
that these bodies were rich in phosphorus and contained purine 
nitrogen, Cells from young cultures, observed with the high-volt- 
age microscope,were either less transparent with poorly defined 
nuclei or homogeneously opaque. The cells of Streptococcus pyo- 
genes became transparent but showed no internal differentiation, 
although it was reported by Sevag, Smolens and Lackman (1940) 
that they contained relatively large quantities of thymonucleic acid. 
On the basis of these observations Knaysi and Mudd concluded that 
bacteria contain nuclear material which, depending on conditions yet 
unknown but probably related to environment and development, 
may be diffused in the cytoplasm or may be partly or totally dif- 
ferentiated into a nucleus. 

This hypothesis appeared to have confirmation in the observation 
by Knaysi (1946b) that forespores and young endospores stain 
homogeneously by the Feulgen procedure, but that mature spores 
show a positive granule or rod. However, in the light of later work 
by the author the interpretation given to this phenomenon, which 
appeared obvious at the time, may not be the only one. It is 
possible that this observation is more related to the chemistry of 
the endospore than to its nuclear structure ; for instance it may mean 
that the ribonucleic acid of the forespore and young endospore is 
not as readily removed by hydrolysis as the ribonucleic acid of the 
mature spore ; ribonucleic acid may be free in the mature spore and 
in a stable chemical combination in the forespore and young 
endospore. 

Baylor, Appleman, Sears and Clark (1945) studied the internal 
structure of Rhizobium leguminosarum with and without previous 
treatment with various solvents and nuclear stains. Observation 
was made with the electron microscope. Untreated cells and cells 
stained with Heidenhain’s hematoxylin contained poorly visible, 
opaque bodies. Hydrolysis with HCl, application of the Feulgen 
technique or staining by several other procedures caused distor- 
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tion and increase in the opacity of the protoplasm. Only in cells 
treated with dilute sodium bicarbonate were the internal bodies 
clearly visible. These bodies were soluble in acetone and in 2% 
nitric acid. The authors concluded, however, that they may be 
nuclei. Nucleus-like bodies were observed in the colon-typhoid 
group by Peshkov (1945). 

Bombardment of the cells of Escherichia coli with x-rays led 
Cavalli (1945) to conclude that the sensitive spot is smaller in old 
cells than in young ones, and that this explains the greater resistance 
of old cells. 

Knaysi and Baker (1947) showed that the reason why the young 
cells of Bacillus mycoides usually stain uniformly and do not show 
internal differentiation when observed with the electron microscope 
is the presence of ribonucleic acid diffuse throughout the cytoplasm. 
Since the chemical composition and affinities of ribonucleic acid and 
of thymonucleic acid are similar, nuclei present in such an environ- 
ment are masked, as would be a ball of glass immersed in a colorless 
liquid of equal refractive index. When the endospores of Bacillus 
mycoides, rich in ribonucleic acid, are placed in a medium contain- 
ing a source of energy but no source of nitrogen, they germinate and 
grow, using their ribonucleic acid supply in the process. The 
vegetative cells which develop are transparent to the electrons, even 
at ordinary voltages, and each cell contains from one to six large 
opaque bodies which show evidence of division and play a leading 
role in the formation of the endospore. These bodies give the 
Sharp test for protein, a positive Fuelgen reaction and are distinct 
from any inclusions known to occur in the bacterial cell. ‘Lhey are 
demonstrable with methylene blue at a pH of 3.5 to 4.0, a property 
which they share with the nucleus of Hansenula anomala (Knaysi, 
1946d). Although it was not possible to observe structural dif- 
ferentiation within these bodies, their microchemical reaction and 
particularly their behavior during the life cycle of Bacillus mycoides 
identify them as the nuclei of the cell. Knaysi and Baker presented 
evidence indicating that these nuclei do not divide by simple 
constriction. 

For over half of a century cytologists have been observing in the 
cells of various bacteria bodies which, because of their tinctorial 
reactions or their occasional pairing or apparent constriction, were 
called nuclei. These criteria were critically examined by Knaysi 
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(1944) who pointed out that the only sure criterion for the nucleus 
is its behavior during the life cycle of the organism. The complexity 
of biological structures is such that no single chemical test or stain- 
ing procedure can be relied on to determine the function of a 
structure. We are thus led to examine two procedures extensively 
used during the last decade, namely, the Feulgen reaction and the 
Piekarski-Robinow technique of staining with Giemsa’s solution. 
In both procedures the cells are treated with acid, usually » HCl, 
for a given time at a given temperature. This treatment splits the 
purine bases from the thymonucleic acid, thus liberating aldehyde 
groups (Feulgen and Rossenbeck, 1924; Delaporte, 1939) and 
removes volutin or free ribonucleic acid (Knaysi, 1942, Figs. 16 and 
17). A recent investigation by Vendrely and Lipardy (1946) 
shows that treatment with n HCl at 60° C. for ten minutes removes 
37% of the desoxyribose nucleic acid from Escherichia coli and 
7.5% of that substance from Staphylococcus aureus. It also re- 
moves most of the ribonucleic acid from both organisms, Since 
ribonucleic acid is responsible for the deep staining of the cytoplasm 
in yeasts (Knaysi, 1946d) and bacteria (Knaysi and Baker, 1947; 
Vendrely and Lipardy, 1946), its removal makes the cytoplasm 
poorly stainable, and unstainable at a moderately low pH. In the 
Feulgen reaction structures which are not removed by the acid treat- 
ment and which contain free aldehyde groups recolor Schiff’s re- 
agent. In the Piekarski-Robinow technique stainable structures 
which were not removed by the acid treatment become clearly 
demonstrable. In the bacterial cell it has been shown that the 
nucleus, the cytoplasmic membrane and its extensions, and certain 
presporal inclusions are not removed by hydrolysis and give a positive 
Feulgen reaction (Knaysi, 1944, 1945a, 1946a). Recent studies by 
the reviewer showed that the same structures also stain with 
Giemsa’s solution, although more slowly than the nuclei. Confusion 
between nuclei and presporal granules has already resulted 
(Klieneberger-Nobel, 1945). There is also danger that bodies thus 
demonstrated may have been artifacts caused by coagulation and 
drying and wetting during the harsh manipulations to which the 
cells are subjected. For a first demonstration of a nucleus in 
bacteria the results of both methods could not be considered as a 
final proof, although both methods may be extremely useful when 
used discriminately on organisms of known nuclear structure. It 
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must be added that the fundamental process in the Piekarski- 
Robinow technique is the treatment with acid. Giemsa’s solution 
has excellent tinctorial qualities, but it could easily be replaced by 
basic dyes such as methylene blue (Lewis, 1942). In cells which 
have little or no ribonucleic acid, such as the transparent cells of 
Knaysi and Baker, the nuclei may be readily demonstrated by a 
modification of Burke’s Gram-staining ; the nuclei appear as Gram- 
positive bodies in a Gram-negative cell. Recently Lamanna (1947) 
observed and photographed nucleus-like bodies in germinating 
spores of Bacillus cereus stained by Burke’s Gram-staining method, 
an unreported observation he had made earlier (1941) on Bacillus 
subtilis, During germination and for a few generations afterwards 
the ribonucleic acid content of the cell is considerably reduced 
(Dyar and Knaysi, 1947). 

Since nucleus is a morphological concept, the nuclear nature of a 
body can be proved only by its behavior during the life cycle of an 
organism, a condition fulfilled only in the work of Knaysi (1942) 
with Staphylococcus flavo-cyaneus and in that of Knaysi and Baker 
(1947) with Bacillus mycoides. In the first case it was shown in 
addition that the bodies observed consisted of the nucleoprotein 
characteristic of the nucleus. In the second case the bodies observed 
had several of the microchemical and tinctorial properties of known 
nuclei. The fact that these bodies have not yet shown a chromo- 
somal structure should not be given weight against their nuclear 
nature and their nuclear behavior: chromosomes may be present 
but unresolvable with the light microscope ; chromosomes may be 
present but, because of the thickness and density of the bodies, they 
are not distinguishable with the electron microscope; finally, each 
body may consist of a single chromosome as assumed by Badian 
(1933, 1935) and by Robinow (1945). 

Consequently a nucleus has been satisfactorily demonstrated in the 
cell of Staphylococcus flavo-cyaneus and in the cell of Bacillus 
mycoides: it will probably be demonstrated in other bacteria. On 
the other hand, it is not advisable to assume that all bacteria are 
similarly constituted until representative of all groups of bacteria 
are reinvestigated. 

Cell Wall and Slime Layer 


The Cell Wall. Although the existence of a cell wall in bacteria 
was demonstrated by Fischer (1891), this either was not generally 
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known or was not generally accepted by bacteriologists. While 
studying the process of cell division, Knaysi (1941la) developed a 
simple method by which the cell wall can be clearly seen: the dried 
cell smear is fixed by heat, mordanted with a mixture of potassium 
alum and tannic acid, and examined under a film of carbol fuchsin. 
The cell wall appears blue, the cytoplasmic membrane dark red, 
and the protoplasm a lighter red. The cell wall is readily observed 
with the electron microscope and shows evidence of considerable 
ductility; when the cells are broken by sonic vibrations, the frag- 
ments of the cell wall appear jagged, indicating a certain degree of 
rigidity (Mudd, Polevitzky, Anderson and Chambers, 1941). 
Rigidity of the cell wall was also demonstrated in Spirillum volutans 
(King and Beams, 1942). The cells of this organism do not break 
up, nor are they greatly distorted by ultra-centrifuging. The in- 
tracellular inclusions are concentrated in the “centrifugal troughs” 
of the body, and the centripetal “crests” appear homogeneous. 
Elasticity of the cell wall was also shown by microdissection 
(Wamoscher, 1930). Kobinow (1945) extended a method pre- 
viously used by Gutstein (1924) for the demonstration of the ecto- 
plasm: the cells are first stained with Giemsa’s solution, mounted in 
a drop of water and a suitable field photographed; only the cyto- 
plasm is said to be stained. The preparation is then removed, 
decolorized with acid alcohol, mordanted with 5% to 10% tannic 
acid, and restained with 0.02% of crystal violet in water; this is 
said to stain only the cell wall. The same field previously photo- 
graphed after staining with Giemsa’s solution is found, photo- 
graphed, and the cells compared. The pictures published by 
Robinow leave more than a passing suspicion that the structures 
stained by crystal violet represent more than the cell wall. Recently 
Dyar (1947a) developed, in the reviewer’s laboratory, a method in 
which the cells are treated with a cationic surface-active mordant, 
cetyl pyridinium chloride, the cell wall stained with Congo red, the 
cytoplasm with methylene blue. According to Dyar (1947c), this 
method was more successful with spirochetes than the two methods 
described above. 

Dyar (1947c) determined cell wall resistance to hydrolysis with n 
HCl at 100°C. The wall of Bacillus cereus required 40 minutes for 
complete disintegration; those of Bacillus mycoides and Bacillus 
subtilis required 30 minutes ; that of Staphylococcus aureus required 
12 minutes and that of Escherichia coli 10 minutes. 
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The Slime Layer. The slime layer may be demonstrated with 
Knaysi’s cell wall stain. It appears as a pale red layer of variable 
thickness surrounding the blue cell wall (Knaysi, 1943a). With 
the electron microscope the slime layer is not usually visible, but 
may be demonstrated when the cell suspension is prepared in a small 
droplet of water directly on the collodion film, or when a suitable 
mordant is used. Under these conditions the slime layer is better 
preserved and its density is increased (Mudd, Heinmetz and Ander- 
son, 1943a; Knaysi, 1944). In homologous serum the slime layer 
binds some components of the serum and increases both in density 
and in thickness (Mudd, Heinmets, and Anderson, 1943b). The 
swelling reaction of the pneumococcus was quantitatively studied 
(Mudd et al., 1943: Johnson and Dennison, 1944). Under special 
nutritional conditions the thickness and density of the slime layer 
may be so increased that its demonstration with the electron micro- 
scope becomes immediate, and sometimes it may entirely mask the 
cell. 

With respect to chemical composition the slime layer may be of 
two general types. The first is nitrogen free, as in Rhizobium 
leguminosarium and Klebsiella pneumoniae ; the second is nitrogen- 
containing, as in Bacillus anthracis (Kramar, 1921). Capsular 
material is made up of large complex molecules; in the pneu- 
mococcus these molecules are filamentous. Within either type 
there is variation, not merely in spatial configuration, but also in 
the products of hydrolysis. Indeed either type may be found in 
different strains of what is considered the same species ( Heidelber- 
ger, Kendall, and Scherp, 1936). The capsule of Bacillus mesen- 
tericus and of Bacillus anthracis (Ivanovics, 1938, 1939; Hanby and 
Rydon, 1946) and the extracellular slime of Bacillus subtilis 
(Bovarnick, 1942) are said to be polypeptides of d-glutamic acid. 

It was suggested (Etinger-Tulczynska, 1933; Mudd, Heinmetz, 
and Anderson, 1943a) that a distinction should be made between 
true capsules and extracellular slime. The slime layer is not an in- 
tegral part of the cell; its formation is considerably affected by the 
environment (Ivanovics, 1937; Morgan and Beckwith, 1939; 
Hoogerheide 1939, 1940; also a number of personal observations), 
and it may be removed without fatal injury to the cell (Dubos and 
Avery, 1931; Sickles and Shaw, 1933; Shaw, 1937; Dubos, 1939; 
McClean, 1941, 1942). Bacterial strains without a demonstrable 
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slime layer may be induced to form large capsules by dissociation 
procedures (Knaysi, 1933). 

Medical Aspects. In pathogenic organisms the cell wall and slime 
layer protect the bacterial cell against body fluid and are thus factors 
in virulence ; the binding by the capsule of Micrococcus pneumoniae, 
and by the cell wall of Eberthella typhosa, of components of the 
homologous serum (Pijper, 1938, 1941 ; Mudd and Anderson, 1941 ; 
Mudd, Heinmets and Anderson, 1943b) is direct evidence for that 
action. It was also shown that removal of the capsule gives some 
protection to the animal. The cell wall and slime layer are im- 
portant in diagnostic procedures, since the serological specificity 
of bacterial strains and the antigens responsible for agglutination 
are said to be located at the surface of the cell. In the words of 
Mudd (1944), “Type specific serologic reactivity, on which speci- 
fic antibacterial immunity depends, may be determined by configura- 
tion either of a carbohydrate or of a protein component. The 
capsular polysaccharides of the various pneumococcus types are the 
classic examples of carbohydrate antigens which determine type. 
The surface somatic proteins (‘M substance’) of the various types of 
Streptococcus pyogenes are an example of type determination by 
protein antigens. In the case of the typhoid-paratyphoid-dysentery 
group, type specificity is determined by a phosphorus-containing 
polysaccharide-protein complex in which the carbohydrate com- 
ponent is not type specific. The characteristic antigen reactivity 
(and toxicity) of the somatic antigens of the group appear, however, 
to be a property of the intact phosphorus-containing polysaccharide- 
protein complex and not of either the isolated carbohydrate or pro- 
tein component alone. In all cases known to me, however, the re- 
active configurations which determine type specificity and 
antibacterial immunity are peripheral, i.e., are in the capsule, as 
in pneumococci, in the bacterial cell wall, as in Streptococcus 
pyogenes and the Shigellas, or in the bacterial cell wall and flagella, 
as in Eberthella typhosa and the Salmonellas.” A review of the 
literature on this phase of cyto-immunology may be found in the 
paper by Mudd from which this quotation was taken and in Dubos 
(1945). 

Physico-Chemical Analysis of the Cell Surface. Electrophoretic 
mobility has long been considered a function of the cell surface, and 
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Abramson, Moyer and Gorin (1942) recommended use of the mi- 
croscopic method for studying the surfaces of living cells. Dyar 
and Knaysi (1947) showed that the electrokinetic potential of the 
bacterial cell is an exclusive property of its surface and is not af- 
fected by change in the composition of the protoplasm. 

Moyer (1936) found that electrophoretic mobility in young cells 
of Escherichia coli was lower than in mature cells; the mobility of 
the smooth strains remained constant throughout a long range of 
pH, whereas that of the rough strains varied with the pH. He also 
noted that the changes of mobility of rough or smooth strains with 
the concentration of electrolytes were similar to those of some carbo- 
hydrate and lipcid surfaces. Stearns and Roepke (1941) observed 
differences in mobility between rough and smooth strains of Bru- 
cella abortus similar to those observed by Moyer in E, coli. Brad- 
bury and Jordan (1942) concluded from electrophoretic measure- 
ments that sulfanilamide and related drugs behaved, at the cell sur- 
face of E. coli, as did p-aminobenzoic acid, and that the drugs 
associated with the cell through their aromatic amino groups. 
Cohen (1945) detected imidazole and amino groups at the cell sur- 
face of Proteus. Dyar and Ordal (1946) compared the electro- 
kinetic behavior of representatives of various groups of bacteria, a 
myxococcus and a spirochete, with the behavior of known particles. 
They concluded that the chemical nature of a substance present at 
the cell surface may be detected by its electrokinetic behavior in the 
presence of surface-active agents. In the reviewer’s laboratory 
Dyar (1947b, 1947c) found that the “lipids present in the surfaces 
of living bacterial cells can be measured somewhat quantitatively. 
The amount of lipid in the surface of cells of Micrococcus aureus 
and Mycobacterium smegmatis can be altered at will, within limits, 
by varying the conditions of growth. Some other bacteria such 
as bacilli do not produce surface lipids even though the cytoplasm 
is full of fat. . . . Amphoteric material in the surface of Micro- 
coccus aureus, distinct from the lipid, was detected by change of 
mobility with pH. . . . Some of the properties of the cell wall 
‘skeleton’ of Micrococcus aureus remaining after lipase and trypsin 
treatment were determined. They indicate, but do not prove, that 
it may be of carbohydrate nature although unlike either cellulose or 
the insoluble dextran synthesized by some streptococci”. 
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MOTILITY 


Motile bacteria may be divided into two groups: those which 
creep slowly on solid surfaces or the surface film of liquids, and 
those which swim freely throughout a liquid. Creeping motion is 
observed only among the large sulfur bacteria and myxobacteria. 
It is accomplished by periodic deformation of the cell (Ullrich, 
1926). Certain peculiarities in the motion of myxobacteria on the 
surface of agar were observed by Stanier (1942). In the swim- 
ming group, cells of the bacteria have filamentous appendages, called 
“flagella”, generally considered the organs of locomotion. The 
spirochetes are generally considered to move by deformation of the 
cell. These general conceptions, apparently long established in 
bacteriology, were recently shaken by the discovery of flagella-like 
appendages in the spirochete Treponema (Wile, Picard and Kear- 
ney, 1942; Morton and Anderson, 1942; Wile and Kearney, 1943; 
Mudd, Polevitzky and Anderson, 1943) and by recent observation 
of Pijper (1946, 1947a) of motile cells of Eberthella typhosa ap- 
parently without flagella. On the other hand, Lofgren and Soule 
(1945) reported that the flagella-like extensions they observed in 
Spirochaeta novyi were the result of the mechanical action of dis- 
tilled water and centrifugation ; in the case of bacteria the challenge 
of Pijper’s conclusion that flagella are threads of slime which are 
the result, not the cause, of motion has not yet been met; on the 
contrary, the recent observations of Hillier and Knaysi (1947a) 
on the origin of flagella in Bacillus mycoides appear to be in partial 
agreement with the corresponding phase of Pijper’s hypothesis. 
It is not generally known, however, that students of the flagellates 
do not agree on the specific role of the flagella in the motion of these 
organisms (Metzner, 1920; Lowndes, 1941; Brown, 1945). Re- 
gardless of the outcome, Pijper’s hypothesis has stimulated thought 
and research which will doubtless lead to a better understanding 
of the nature and function of the flagella and of applications in 
taxonomy and immunology. 

Flagella are not necessary for the life of the cell (Lominsky and 
Lendrum, 1942). They may be lost by dissociation (Neri, 1940), 
and their formation is somewhat affected by the environment (per- 
sonal observation). They adsorb antibodies from a homologous 
serum with a consequent increase in thickness and stiffness, and 
the formation of loosely held groups upon agglutination (Pijper, 
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1938, 1941; Mudd and Anderson, 1941). They agglutinate with 
acid at about pH 4.4 (Malek, 1938; Ogonuki and Miyata, 1940). 
Their chemical nature was studied by Boivin and Mesrobeanu 
(1938). 

Other papers of interest are that of Ogiuti (1936) in which the 
effect of pH, temperature, osmotic pressure, viscosity and homolo- 
gous serum on the velocity of various bacteria was studied ; that of 
Hutchinson and McCracken (1943) on a sulfur bacterium; that 
of Johnson, Zworykin and Warren (1943) on luminous bacteria ; 
and that of Hofer (1944) on Azotobacter. 


INCLUSIONS 


Studies with the ultracentrifuge led King and Beams (1942) to 
conclude that all demonstrable inclusions of Spirillum volutans have 
higher specific gravity than its cytoplasm. 

Lipoid Inclusions. It was shown by Knaysi (1945a) that the 
lipoid inclusions formed by Bacillus cereus in the presporal stage 
give the Sharp test for protein a positive Feulgen reaction. More 
recent observations also showed that they stain like the nuclei, al- 
though somewhat more slowly, with Giemsa’s solution. This 
should explain the high specific gravity of the fatty inclusions of 
Spirillum volutans observed by King and Beams. Knaysi observed 
the formation of these inclusions in the cytoplasmic membrane and 
their elimination into the cytoplasm. They are not used up when the 
cell is transferred to a fresh medium, but are distributed in the prog- 
enies of that cell. They are formed even in very poor media, and 
their size is not greatly influenced by the composition of the medium. 
Burdon (1946) found that “stainable fatty material in the form of 
cytoplasmic inclusions, or such material associated with structural 
elements of the cells, is present in all fungi and in the great majority 
of bacteria, whether these are aerobic or anaerobic, saprophytic or 
parasitic, pathogenic or nonpathogenic. . . . With certain notable 
exceptions (e.g., Alcaligenes fecalis and Azotobacter), fatty ma- 
terial was found to be more abundant and to occur with greater 
regularity in Gram-positive bacteria than in Gram-negative bacteria. 
An apparent tendency for saprophytic species to contain more fat 
than parasitic species was noted. . . . Although media of special 
composition are required for the appearance of stainable lipid in the 
case of certain bacteria, the formation of fatty inclusions was shown 
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not to be dependent upon the presence of glucose, glycerol, or other 
fermentable carbohydrate in the medium”. Burdon observed a 
remarkable constancy in the location of these inclusions within the 
cell in a given genus and sometimes in a given species. Knaysi 
(1946d) found that the lipoid inclusions of the yeast Hansenula 
anomala “are noticeably utilizable only by volutin-free cells, in an 
environment devoid of nutrients, and under strongly aerobic con- 
ditions, both as a source of energy and a source of nitrogen”. 
There was no evidence that they were used up during active growth 
in complete nutritive media; “on the contrary, the rate of their 
formation in such media is highest during active growth”. Starkey 
(1946) found a definite relation between lipid content of certain 
soil yeasts and the composition of the medium. 

Volutin. Delaporte (1939) showed that volutin is essentially 
ribonucleic acid. It can be removed from the cell with 0.02% 
sodium bicarbonate solution, but some protein was always present 
in the extract. Knaysi (1946d) found that the volutin inclusions 
of Hansenula anomala were readily utilized as a source of nitrogen 
but not of energy. Ina glucose solution the volutin is used up and 


the stainability of the cell is reduced so that the nucleus may be 
demonstrated by simple methylene blue staining. In complete 
media volutin accumulates during active growth and is used up in 
old starving cultures. Knaysi and Baker (1947) found that 


ribonucleic acid is present in high proportion in the endospore of 
Bacillus mycoides. 


In a medium containing a source of energy 
but not of nitrogen, the spores germinate, using up their supply of 
ribonucleic acid. The vegetative cells developed have a poorly 
stainable cytoplasm and are transparent to electrons at ordinary 
voltages, except for the nuclei which become readily demonstrable 
by simple staining or with the electron microscope. Knaysi 
(1947a) showed that cells thus developed are highly permeable. 
Apparently the loss of ribonucleic acid from the cytoplasmic mem- 
brane loosens the structure of that membrane. Cells grown in 
ordinary media contain ribonucleic acid diffuse in the cytoplasm, 
and probably present in the cytoplasmic membrane, which is re- 
sponsible for the uniform staining of these cells and their uniform 
opacity to electrons. The cells of Bacillus mycoides do not usually 
deposit volutin, and the ribonucleic acid is probably present in com- 
bination with other protoplasmic constituents, since it is not re- 
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movable with mild alkalis. It is removable by hydrolysis with n 
HCl, as in the Piekarski-Robinow technique (Vendrely and 
Lipardy, 1946). Knaysi (1942) had shown that volutin does not 
interfere with the Feulgen reaction because it is removed by hy- 
drolysis with n HCl. 


VEGETATIVE REPRODUCTION 


In young cultures and in ordinary media, normal common bac- 
teria reproduce almost always by a process known as “cell division”. 
In old cultures, and in young cultures under special conditions, bud- 
ding may be rarely observed. Frequent budding was observed by 
the reviewer in Azotobacter indicum and in a pneumococcus strain. 
Cells which have undergone considerable change of form and size 
may reproduce by fragmentation, a process which is a mixture of 
aberrant cell division and budding. 

Cell Division. Details of the process of cell division were ob- 
served by Knaysi (194la). <A ring grows from the cytoplasmic 
membrane inwards, separating the cytoplasm into two parts. This 
cell plate is similar to the cytoplasmic membrane in chemical and 
physical properties. The cell plate is then split, apparently in- 
wards. Sometimes the separation is not complete, and the sister 
cell plates may still be attached in the center ; in dried cells, shrink- 
age stretches this attachment into a plasmodesma. Separate cell 
walls are formed, leisurely, for both sister cells. In typical cases 
division is equational. However, asymmetric cell division is occa- 
sionally observed in young culture and more frequently in old ones. 
Knaysi (1933) developed a strain of Bacillus megatherium in which 
asymmetric cell division was strikingly common in young cultures. 

Description of the process by Robinow (1945) is very similar to 
that given by Knaysi (1930, 1941a, 1944). The only difference is 
that Knaysi stated that a cell wall is formed independently by each 
sister cell, and Robinow (1945, p. 376) was not sure whether the 
cell wall is “double from the beginning or first laid down in single 
thickness”. Therefore, the statement: “Knaysi ... concluded .. . 
that bacteria divide by a retraction of the cytoplasm in opposite 
direction from the middle plane” (p. 371) must be overlooked. 
Division by “retraction of the cytoplasm” had been described earlier 
by Knaysi (1929) for Mycobacterium tuberculosis, but his later 
studies (1941a) showed that this organism divides like other bac- 
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teria. In Schizosaccharomyces pombe also Knaysi (1941a) had 
found that the cytoplasm is directly split by the formation of cell 
walls without previous formation of a cell plate by inward growth of 
the cytoplasmic membrane, as in the bacteria, and Robinow really 
confirmed this observation by stating : “Cytoplasmic cell boundaries 
or cell plates which, in bacteria, are usually laid down before the 
formation of transverse cell walls were not observed in the fission 
yeast”. It is indeed incomprehensible why, a few lines before, 
Robinow wrote: “For a different opinion see Knaysi (1941)”. 
This difference between the division of bacteria and yeasts was 
one of the chief points reported for the first time, made clear and 
repeatedly emphasized in Knaysi’s paper. Recent unpublished ob- 
servations on the smooth strain C, of Bacillus mycoides, made by 
Knaysi and Hillier with the electron microscope, show that the 
centripetal split of the cell plate is usually brought about by centri- 
petal.growth from the lateral wall, and that the new cross wall is 
differentiated into two layers often before its growth is complete. 
Severance of the sister cells is apparently brought about by the 
pressure resulting from their growth and superficially simulates 
simple constriction. 

Budding. No detail study of budding in bacteria was made. 
The reviewer’s preliminary observations on Azotobacter indicum 
indicate that it proceeds from a broad base, often suggesting a 
process intermediate between budding and cell division. 

Fragmentation. By fragmentation is meant the apparently ir- 
regular break-up of a cell into smaller ones with or without simul- 
taneous or subsequent growth. The break-up may be accomiplished 
by a cytological process indistinguishable from cell division, as in 
Bacillus megatherium, or by a combination of division and budding, 
as in the large bodies of Dienes. 

The “Large Bodies’ of Dienes. In a series of papers Dienes 
(1939, 1940, 1942, 1943, 1944, 1945, 1946, 1947) described what he 
considers a complex reproductive process in bacteria, particularly 
in Gram-negative ones. It consists of “the swelling of bacteria 
into large, round bodies and the reproduction of bacteria either 
directly in them or by the intermediary of a soft granular growth 
(L:) ...”. This process was observed chiefly in freshly isolated 
pathogenic bacteria in cultures or when cells from the proper strain 
were transferred to water. In Proteus the process was observed 
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regularly “when spreading cultures of appropriate strains come in 
contact”. No union of cells was involved. Dienes suggests that 
this may indicate a sexual process. Dienes and Smith (1944) ob- 
served that in a strain of Bacteroides “The bacterial filaments seg- 
ment and the large bodies develop from the neighboring ends of 
two segments. This process suggests an autogenous conjugation, 
examples of which are well known in fungi”. 

It is not possible at the present time to give this process a final 
interpretation. The formation of normal bacterial forms or Li 
forms from the large bodies does not seem to take place by what 
is known as “free cell formation”, but by budding and fragmenta- 
tion. This much is clear from the series of observations published 
by Dienes and particularly from the slides shown by Smith, Hillier 
and Mudd (1946). The reviewer is convinced that the swelling 
of bacterial cells is always associated with a change in permeability 
and with osmotic relationships. When Bacillus mycoides is grown 
in glucose broth containing 0.5 molar MgSQ,, numerous swollen 
cells, similar to the “large bodies” of Dienes, are observed, particu- 
larly during an early period of cultural development. At later 
stages these swollen cells, known as “plasmoptysis figures”, are 
reduced in number, and normal cells predominate. According to 
Stapp and Zycha (1931), the swollen cells are unable to reproduce. 
The reviewer’s observations with Escherichia coli are of special in- 
terest. When the cells are transferred from an ordinary medium 
to one containing 0.25 to 0.50 molar MgSQO,, they are at first plas- 
moylzed; many of the cells are subsequently deplasmolyzed and 
grow, forming a highly pleomorphic culture consisting of thick 
curved cells with abruptly tapering ends, of ring forms and of 
swollen cells of various forms, resembling a culture of a pleomorphic 
yeast. All types of cells are vacuolated. The swollen cells are 
often irregularly partitioned, and budding is frequently observed; 
the explosive separation of a segment and its reunion with the 
mother cell were sometimes observed, indicating softness or possi- 
ble absence of a cell wall. In certain cases one gains the impres- 
sion of the break-up of one of the giant cells into smaller irregular 
ones, but this was not actually observed. Dienes also observed the 
formation of “large bodies” in response to toxic influences, but 
these did not reproduce. The reviewer’s observations indicate that 
enlargement of the cells is not due to mere swelling, but chiefly to 
actual growth. 
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In view of the close similarity between these observations and 
those of Dienes’, the phenomenon may be considered a response to 
the environment. The influence of one Proteus strain on another 
may be readily attributed to mutual antagonistic influences. Sexual 
stimulation without actual fusion is known in the lower fungi, but 
such an interpretation should be postponed until more is known 
about the cytological processes involved. The distinction between 
large bodies “normally” formed and large bodies formed in response 
to toxic influences on the basis of ability to multiply may not be 
desirable, since the giant cells of Escherichia coli formed in the 
presence of MgSO, show a tendency to multiply by forming ir- 
regular plates. The difference may be in the magnitude and nature 
of the “toxic” influence. The morphologic peculiarities of the L 
cells is due to the manner in which they are formed and to softness 
of the cell wall; it seems that when the cell is deformed as the giant 
cells are, polarity of the cell is affected or temporarily lost, and it 
reproduces vegetatively by forming plates of division in indefinite 
directions and breaking up into smaller pleomorphic units. These 
units should not be called “gonidia”, since the term, as now under- 
stood, involves free cell formation. 


THE ENDOSPORE 


Cytology of Formation. a) Growth froma single granule. This 
was described by Hoyt (1935) in Clostridium septicum, but ex- 
amination of his photographic record indicates that his granules may 
well have been forespores formed by “condensation of the proto- 
plasm”. 

b) Condensation of the protoplasm. This includes those methods 
in which the endospore is said to be initiated by the sudden appear- 
ance, in a previously differentiated part of the protoplasm, of a 
primordium or a forespore with dimensions exceeding, equalling or 
slightly below those of the mature spore. It was described by 
Delaporte (1934, 1935, 1936) in Oscillospira guilliermondi and 
Oscillospira batrachorum of the Cyanophyceae, and in Spirillum 
praeclarum; by Roberts (1942) in Clostridium pasteurianum; and 
by Knaysi (1946c) in Bacillus cereus. 

Nuclear Behavior. Allen, Appleby and Wolf (1939) observed 
three methods of spore formation in a bacillus isolated from grass. 
“The main changes involved are explained on the assumption that 
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the normal vegetative cell is haploid and contains one chromosome. 
Prior to one type of spore formation a diploid cell is thought to be 
formed by division of the chromosome, accompanied by a failure 
in cell division. Meiosis there occurs, resulting in the formation of 
a well-marked, deeply staining tetrad, followed by separation of the 
chromosomes and possibly a second mitosis. One of the resultant 
chromosomes is involved in the formation of the spore, and the re- 
mainder appear to be extruded. Klieneberger-Nobel (1945), using 
the Piekarski-Robinow technique, confirmed the observations of 
Badian (1933, 1935) which, like those of Allen et al., attribute to 
the vegetative cell a haploid state followed by autogamy and two 
nuclear divisions (reduction division). Only one of the result- 
ing chromosomes forms part of the spore; the other three disin- 
tegrate. 

Knaysi and Baker (1947) observed with the electron microscope 
spore formation in cells of Bacillus mycoides made transparent by 
growth in a nitrogen-free medium. Their observations suggest 
that the nuclei of the potential sporangium gather into two groups 
of one to three nuclei each. The two groups are formed at a cer- 
tain distance from each other, and an area, slightly denser than the 
cytoplasm of the mother cell, appears to grow from each nucleus, 
or groups of nuclei, toward the other; the forespore results from 
the merging of those two areas, and its length is determined by the 
relative position of the two nuclear groups. In non-filamentous 
growth no nuclei were left out to disintegrate in the sporangium, 
and there was no evidence of nuclear fusion before or after the 
formation of the forespore, although the authors do not exclude the 
possibility. At first the nuclei occupy polar positions, but later 
may be seen anywhere in the spore. 

In the light of this research it seems that Badian and his followers 
were confused by the presence of presporal inclusions. In Bacillus 
cereus these inclusions originate in the cytoplasmic membrane and 
are eliminated to the cytoplasm. They give a positive Feulgen re- 
action and take nuclear stains, although more slowly than the nuclei 
(Knaysi, 1945a, 1947b). ImSenecki (1945) observed lipoprotein 
granules in all aerobic sporeformers and stated that under certain 
conditions these granules stain with basic dyes and have been mis- 
takenly considered nuclei. 
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Structure of the Endospore. Delaporte (1939-40) observed a 
refractile membrane, a hyalin cytoplasm and a Feulgen-positive rod 
or granule. Robinow (1945) concluded from observation of hy- 
drolyzed spores of various bacilli that the endospore consists of 
“three concentric layers. . . . The central portion, a narrow core, 
is refractile and stainable, and merges into a thick layer of less re- 
fractile and less readily stainable cytoplasm, bounded on its outer 
surface by a thin crust of stainable, non-refracting material which 
may be identical with the spore membrane. . . . No chromatinic 
matter is found in the cytoplasm”. He described a biconcave nu- 
cleus, “the most refracting element in hydrolyzed spores; it is at- 
tached to the outer surface of the cytoplasm.” Stille (1937) had 
observed a single Feulgen-positive body in the endospore and stated 
that the youngest vegetative cell contains two or four similar bodies. 

The work of Knaysi (1945d, 1947b) with the light microscope 
and that of Knaysi and Baker (1947), Knaysi, Baker and Hillier 
(1947) and Hillier and Knaysi (1947b) with the electron micro- 
scope show that the endospore of Bacillus mycoides consists of a 
double membrane, an inner rigid one and an outer elastic one, en- 
closing a cytoplasm rich in ribonucleic acid and in lipoidal material 
diffuse throughout ; the nuclei, usually two or more, most commonly 
occupy polar positions. The reviewer has been able to satisfy him- 
self that the shape of the nucleus and its extra-cytoplasmic position 
observed by Robinow are artifacts caused by a combination of in- 
cipient germination and hydrolysis. Recent work (Knaysi and 
Hillier, 1947) with Bacillus megatherium showed that this organ- 
ism sheds a single coat consisting of long, beaded, parallel molecules 
cemented together by a substance which disappears soon after ger- 
mination. It is not known whether or not an inner coat existed in 
the resting spore and was used up during germination. 

Cytology of Germination. Lamanna (1940) made a careful 
study of spore germination in Bacillus and found correlation be- 
tween the mode of germination, spore antigen and several physio- 
logical properties. Knaysi and Gunsalus (1944) confirmed Lam- 
anna’s work with the Marburg strain and the Ford and Lawrence 
strain of Bacillus subtilis; the latter strain was renamed Bacillus 
licheniformis by Gibson and Abdel-Malek (1945). Details of 
spore germination in Bacillus mycoides were studied with the elec- 
tron microscope by Knaysi, Baker and Hillier (1947) ; the spore is 





CYTOLOGY OF BACTERIA. II 133 


surrounded by two coats which become bent and split equatorially. 
Lateral splitting of the spore coat was recently observed by Knaysi 
and Hillier (1947) in a strain of Bacillus megatherium heretofore 
considered to germinate by absorbing its coat. Only one coat is 
shed. The possible existence of a second coat and its utilization 
during germination are considered, but no evidence for the existence 
of such a coat has yet been found. 

Antigenic Structure. Krauskopf and McCoy (1937) found a 
close serological relationship between spores and vegetative cells. 
On the other hand, Lamanna (1940b, 1940c, 1942b), Howie and 
Cruickshank (1940) and Bekker (1944-45) were able to demon- 
strate antigens characteristic of the spores, and Lamanna was able 
to classify members of the genus Bacillus on the basis of their char- 
acteristic spore antigens. The observation of Dyar in the re- 
viewer’s laboratory that spores have a different electrophoretic 
behavior from vegetative cells is a confirmation of the existence oi 
surface antigens characteristic of the spores. 

Chemical Composition. Little is known about the chemical com- 
position of the endospore other than that it contains a number of 
enzymes (Effront, 1914; Ruehle, 1923; Cook, 1931; Tarr, 1933; 
Virtanen and Pulkki, 1933) and that it contains more bound water 
and less free water than the vegetative cell (Friedman and Henry, 
1930; Henry and Friedman, 1937). Curran, Brunstetter and 
Myers (1943) demonstrated Ca, K, Cu and Mn by spectrometric 
analysis. Knaysi (1945d) demonstrated ribonucleic acid diffuse 
throughgut the cytoplasm and utilizable as a source of nitrogen and 
phosphorus but not for energy. It may be added that the cyto- 
plasm of the spore is rich in lipoid material, also diffuse. Since 
the spore contains nuclei, it also contains the nucleoproteins char- 
acteristic of the nucleus. 

Effects of the Environment on Spore Formation. Although the 
endospore is a part of the life cycle of certain bacteria, its formation 
is considerably affected by the environment. Loss of the ability 
to form endospores, with or without regaining that property, was 
reported by Knaysi (1933, 1935a) ; the effect of dissociation on 
the relative number of spores in a given culture was studied by Hay- 
ward, Marchetta and Hutton (1946). The environmental factors 
investigated during the last decade were the following: the tem- 
perature of incubation, composition of the medium with respect to 
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type and initial concentration of gross nutrients, molecular oxygen, 
salts, pH, nutrilites ; the accumulation of by-products ; gradual dry- 
ing of the medium ; position of the cell in the colony (Greene, 1938; 
Kaplan and Williams, 1941 ; Roberts and Baldwin, 1942 ; Hayward, 
1943 ; Knaysi, 1945c; Knaysi and Baker, 1947). It was shown by 
Knaysi that these factors are not independent variables but are 
interrelated by their specific effect on the utilization of food and 
the health of the cell. Knaysi concluded that, with Bacillus my- 
coides, spores are formed by healthy cells facing starvation, and the 
ideal environment for sporulation is that in which food is completely 
utilized without accumulation of by-products. Whether or not 
there are organisms stimulated to sporulate by the accumulation of 
metabolic products remains to be shown. Sporulation has an opti- 
mum temperature and a sharp optimum pH; it does not usually 
require nutrilites other than those required for growth, but nutri- 
lites may exert an indirect stimulating effect ; for instance, vitamin 
B, may promote sporulation, in a medium where acid products of 
metabolism tend to accumulate, by its decarboxylic activity which 
prevents a significant drop in pH. However, it was recently re- 
ported by Dutky (1947) that he developed several media for the 
growth of Bacillus popilliae and Bacillus lentimorbus ; these media 
“gave consistently high yields of vegetative forms, but none was ade- 
quate for sporulation”. Whether this indicates need for an addi- 
tional growth factor is not clear. Drying of the medium is detri- 
mental to sporulation by Bacillus mycoides except when drying sig- 
nificantly increases oxygen supply. 

An interesting effect of the temperature of incubation was re- 
ported by Christian (1931) on a form of Bacillus isolated from 
heated milk. The optimum temperature for the growth of this 
organism was between 30° and 37° C. and the maximum for its 
sporulation 22° C. At 37° C. the organism shows “evidence of an 
effort at spore formation. The cell contents concentrate in a termi- 
nal position, as in the case of the formation of true spores, but no 
spore wall is formed. Later, these terminal bodies or ‘abortive 
spores’ are liberated and persist in the cultures in the free state for 
long periods. It has not been demonstrated whether they are 
capable of developing further under suitable conditions or of giv- 
ing rise to new generations of the organism”. One wonders 
whether or not similar bodies recently observed in certain thermo- 
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philic bacteria (Buck, 1947, and personal communication) are 
abortive spores which may attain full development below the opti- 
mum temperature for vegetative growth. 

Effect of the Environment on Spore Germination. Structurally 
and chemically, the normal endospore is a complete cell, and when 
it is placed in a suitable environment, it proceeds to germinate. 
However, the time it takes a given spore to germinate varies con- 
siderably with the environment; in a given environment spores of 
a given culture do not all germinate at the same time. Delayed 
germination or dormancy observed chiefly among heated spores, 
and to a certain extent in unheated spores, is probably due to 
injury or deficiency, and the number of “dormant” spores decreases 
as the quality of the medium in which they are planted is improved 
(Morrison and Rettger, 1930; Curan and Evans, 1937; also per- 
sonal observations). Indeed a normal spore may germinate in an 
environment containing the necessary nutrient even when this en- 
vironment is otherwise detrimental to the survival of the germ cell 
(Knaysi, 1945d). 

With respect to concentration of food Curran (1931) found that 
in peptone solutions the minimum concentration for germination is 
0.025% ; in 10% peptone there is considerable retardation of germi- 
nation. Knaysi (1945d) observed no germination of Bacillus 
mycoides in distilled water or in solutions of various salts, but there 
were germination, growth and spore formation in bacto agar pre- 
pared with distilled water without the addition of any nutrients. 
Germination was also observed in a solution of 0.2% glucose and 
0.1% potassium phosphate, but not when the glucose was replaced 
by lactose, a sugar not fermented by the organism. It was con- 
cluded that the endospore contained a relatively large quantity of a 
substance which is an excellent source of nitrogen but no source 
of energy. Knaysi and Baker (1947) identified the substance as 
ribonucleic acid and showed that germination can take place in a 
solution of glucose buffered with Na acetate, indicating that ribo- 
nucleic acid is also a good source of phosphorus. It results from 
this work that there is no minimum concentration of the nitrogen or 
phosphorus sources which should be added to the medium, and that 
the minimum for the source of energy is below 0.2% of glucose. 
Evans and Curran (1943) and Curran and Evans (1945) showed 
that germination is favored by exposure of the spores to “sublethal 
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heat”. Knaysi (1947a) observed that germination in a glucose 
solution is favored by previous autoclaving of the sugar solution 
or by the addition of traces of phosphate. This effect seems to 
consist of activation of the sugar and is expressed by rendering 
reversible and by lowering of the oxidation-reduction potential 
(Wurmser, 1930; Knaysi, 1935b) ; autoclaving of culture media, 
or the addition of reducing substances, is known to be beneficial 
for the initiation of growth (Dubos, 1929; Allyn and Baldwin, 1930, 
1932 ; Wood, Wood and Baldwin, 1935; Nelson, 1944). The bene- 
ficial effect observed when the spores are heated in distilled water 
may be attributed to activation of material inside of the spore. 
Consequently the behavior of a normal spore in a given environ- 
ment is better understood when one realizes that it is a cell, rest- 
ing because of the lack of food or of the proper conditions for its 
utilization, containing a source of nitrogen, minerals and enzymes, 
but separated from its environment by a coat of low permeability. 
Resistance of the Endospore. From the practical point of view 
the chief characteristic of the endospore is its ability to attain a 
high degree of resistance to drying, heat, chemicals and other dele- 
terious agents. It should be emphasized, however, that the re- 
sistance of endospores varies considerably with the species ; never- 
theless, it is not a constant for the species. It varies considerably 
with the conditions under which the spores were formed (Theo- 
philus, 1937) and in the same culture varies considerably from spore 
to spore (Hodge and Knaysi, 1937); a morphological basis for 
variation in resistance between spores of the same culture was 
supplied by Knaysi, Baker and Hillier (1947). The cause of 
spore resistance has been a subject for speculation. In the early 
decades of bacteriology it was attributed to the existence of a thick 
coat of low permeability. Later investigators attributed resistance 
to peculiar spore enzymes and other proteins or to a low water con- 
tent. The role of the spore coat in resistance to chemicals can not 
be denied ; it can be deduced a priori and may be concluded from 
the observation of Knaysi (1945d) that when glucose is fermented 
by spores, the pH reached is considerably below that reached when 
vegetative cells are used; that the fermenting spore gradually as- 
sumes vegetative characteristics without normal germination and 
is killed by the hydrogen ions. Some correlation was also found 
between toughness of the spore coat and resistance to moist heat 





CYTOLOGY OF BACTERIA. II 137 


(Knaysi, 1938 ; Lamanna, 1937). The high resistance of the spores 
of thermophilic bacteria to heat (Esty and Williams, 1920) is un- 
doubtedly due chiefly to peculiar enzyme systems and other pro- 
teins stable at high temperature; a correlation was also found by 
Lamanna (1942a) between the maximum temperature of growth 
and the resistance of spores to heat. There is no evidence, how- 
ever, that in the same strain the spore enzymes, for instance, are 
different from those of the vegetative cell. Since the spore contains 
less free water than the vegetative cell (Henry and Friedman, 
1937), this difference is probably an important factor in spore re- 
sistance to heat as well as to chemicals. In the reviewer’s opinion 
the high concentration of ribonucleic acid and of lipoid material in 
the cytoplasm of the spore, the low free-water content of the spore 
and the low permeability of the coat, taken together, should be 
sufficient to explain spore resistance to drying, heat, chemicals, 
ultraviolet radiations and possibly other physical and chemical 
agents. (See also von Angerer, 1938.) 


SEXUAL REPRODUCTION 


Existence of a sexual mechanism in bacteria has been claimed by 
a number of bacteriologists (Schaudinn, 1902, 1903; Mellon, 1925; 
Lohnis, 1921; Enderlein, 1925; Hadley, 1928; Badian, 1933, 1935; 
Allen et al., 1939; Klieneberger-Nobel, 1945; and many others). 
The evidence has never been satisfactory. Sherman and Wing 
(1937) developed substrains of Escherichia coli which differed from 
the parent strain in the ability to ferment certain substances. A 
strain which was sucrose +, salicin -, and one which was sucrose -, 
salicin + were inoculated into the same test tube and incubated to- 
gether for one week. Strains which resembled the parent strains 
and others which were sucrose + and salicin +, sucrose — and salicin — 
were isolated from the mixture. However, since similar strains 
were also found without mixing of the strains, the authors re- 
frained from giving their results sexual interpretation. Gowen and 
Lincoln (1942), using Phytomonas stewartii, drew a similar con- 
clusion. 

Recently, Lederberg and Tatum (1946) and Tatum and Leder- 
berg (1947) performed fundamentally similar experiments with 
Escherichia coli and concluded that “Evidence has been presented 
for the occurrence of character recombination. . . . This suggests 
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the existence of a sexual phase. Recombination of genes control- 
ling several growth factor requirements and resistance to a specific 
bacteriophage have been found”. The authors admit an alternative 
interpretation, assuming “the occurrence in the medium of trans- 
forming factors capable of inducing the mutation of genes, bilater- 
ally”. However, “Attempts at the induction of transformations in 
single cultures by the use of sterile filtrates have been unsuccess- 
ful. . . . The fusion presumably occurs only rarely, since in the 
cultures investigated only one cell in a million can be classified as a 
recombination type. The hypothetical zygote has not been detected 
cytologically”. The evidence does not appear to us to be of a higher 
order than that presented by Dienes and Smith (1944) and by 
Dienes (1946). 
STAINING 


The Gram Stain, The structural, chemical and physical bases of 
the Gram reaction were discussed by Knaysi (1944). Dubos and 
Macleod (1938) reported that treatment of the heat-killed, Gram- 
positive cells of pneumococci with a polynucleotidase obtained from 
animal tissues rendered those cells Gram-negative. Henry and 


Stacey (1943, 1946) secured the same results with yeasts and 
several Gram-positive bacteria by the action of certain carbohy- 
drate-splitting enzymes or by extraction with a solution of bile. 
Extraction of Gram-positive cells with a 2% aqueous solution of 
bile removes some carbohydrate and a substance identified as Mg- 
ribonucleate, leaving a Gram-negative skeleton rich in basic protein 
material. If this skeleton is treated with formaldehyde or certain 
other reducing agents and soaked in the extract, the Mg-ribonu- 
cleate recombines with the skeleton and the cells become Gram- 
positive again. Henry and Stacey concluded “that the essential 
constituent in Gram-positive organisms . . . lies in their having 
as part of their surface structure the magnesium salt of ribonucleic 
acid”. Knaysi (1943a) showed that the volutin present in the 
vacuole of Thiobacillus thiooxidans was Gram-positive ; volutin is 
known to consist of ribonucleic acid. Dubos (1945) was able to 
reverse the Gram reaction of pneumococci by treatment of the heat- 
killed cells with a solution of crystalline ribonuclease. Bartholomew 
and Umbreit (1944) confirmed the findings of Henry and Stacey 
and of Dubos. Bartholomew (1946) found that Neisseria catar- 
rhalis was different from other Gram-negative bacteria by becom- 
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ing Gram-positive when treated with extracts containing Mg- 
ribonucleate. Knaysi (1947a) observed that the vegetative cells 
of Bacillus mycoides developed from the spores in nitrogen-free 
media were Gram-negative except the nuclei. Dyar and Knaysi 
(1947) found that when a slant of meat infusion agar is inoculated 
with a spore suspension of Bacillus mycoides, the germ cells and 
subsequent generations of vegetative cells during the first few hours 
are, in the majority, Gram-negative. 

In view of the observations reported above, it may be asked 
whether or not it should be concluded that the mechanism of the 
Gram reaction is exclusively chemical and bound with Mg-ribonu- 
cleate, or whether permeability also plays a rdle. Since removal 
of ribonucleic acid changes the permeability of the cell, even of 
living cells developed in a nitrogen-free medium, it can not be con- 
cluded that permeability does not play a rdle in the Gram reaction. 
On the other hand, in cells partially autolyzed the cytoplasmic 
membrane remains strongly Gram-positive. Also when the cells 
are broken up mechanically, or when the cytoplasmic membrane is 
partially removed by chemical action, fragments of this membrane 
remain strongly Gram-positive, although the cytoplasm becomes 
Gram-negative. It seems, therefore, that the Gram reaction, as 
applied to the entire cell, is a property of the cell. It is interesting 
that Henry and Stacey stated that Mg-ribonucleate confers Gram- 
positiveness only when it combines with complex molecules of the 
cell surface, meaning the cytoplasmic membrane. It seems that 
ribonucleic acid exerts both a direct chemical action and an indirect 
action by affecting permeability of the cytoplasmic membrane. It 
may also be added that, although ribonucleic acid is the chief sub- 
strate of the Gram reaction, the fact that the nuclei of cells de- 
veloped in a nitrogen-free medium are also definitely Gram-positive 
indicates that other cell material may contribute to the reaction in 
the complete cell. 

The Acid-fast Reaction. Reeves and Anderson (1937) and 
Stodola, Lesuk and Anderson (1938) isolated from the “unsaponi- 
fiable wax” of the tubercle bacillus a hydroxy methoxy acid which 
was strongly acid-fast. This acid was named “mycolic acid”. 
Yegian and Porter (1944) showed that “non-acid-fast forms ap- 
pearing in stained smears of young cultures of the tubercle organ- 
ism are created by mechanical action of the platinum loop or the 
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spatula used to disperse the organisms” and that sectioning may also 
destroy acid-fastness. Yegian and Baisden (1942) and Porter and 
Yegian (1945) studied the factors which affect beading in the 
tubercle bacillus and concluded that the Much granules and beads 
are artifacts. Lamanna (1946) studied the mechanism of beading 
in mycobacteria stained with Ziehl-Neelsen’s carbol-fuchsin and 
concluded that it is “the result of phenol and dye separating out as 
a liquid phase” and that “the basis for the acid-fast property lies 
in the greater solubility of the phenol and dye in the cell constitu- 
ents than in the decolorizing agent”. 


CYTOLOGY AND CHEMOTHERAPY 


The importance to medicine of a sound knowledge of the struc- 
tural make up of the bacterial cell and of the properties and be- 
havior of these structures has been realized by a number of eminent 
bacteriologists (Mudd, 1944; Dubos, 1945; Pijper, 1947b), and a 
number of medical relationships were briefly indicated in previous 
sections of this review. Of these relationships none has greater 
potentialities in practical application than those of structure to 


virulence and resistance of the bacterial cell. In the field of chemo- 
therapy emphasis is placed on metabolic processes, and little con- 
sideration is given to the intimate relation between metabolic ac- 
tivity and structure; if loss of the capsule reduces the virulence of 
pneumococci, then it may be possible to alter the environment so 
that capsular material is not synthesized. Since some of the perma- 
nent structures of the cell do not have a fixed chemical composition, 
it should be possible by altering the environment to modify the 
chemical and physico-chemical properties of these structures so that 
the virulence and resistance of the cell are decreased. When the 
endospores of Bacillus mycoides germinate in a nitrogen-free 
medium, the vegetative cells which develop are Gram-negative and 
very permeable to neutral red, even in very dilute solutions. In 
these cells the cytoplasm and the cytoplasmic membrane are altered 
in chemical composition; they are practically free of ribonucleic 
acid and possibly of other substances. Loss of ribonucleic acid from 
the cytoplasmic membrane seems to increase its permeability ; loss 
of that substance from the cytoplasm should deprive the nucleus and 
other important components of the protoplasm from a considerable 
measure of protection against drying, chemicals, ultraviolet light 
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and other harmful agents; the cells should be more readily killed 
by components of animal fluids and by chemotherapeutic agents. 
In this case synthesis was prevented by deficiency of the medium. 
If synthesis can be partially or totally inhibited by the addition of 
some substance to a nondeficient medium, then great strides toward 
the control of disease would have been made. In particular we 
wish to focus attention on ribonucleic acid. This substance is 
widely distributed among microorganisms in the cells, and it 
often precipitates in the form of inclusions (volutin). Among the 
bacteria it is usually present in both Gram-positive and Gram- 
negative species; even bacteria which do not normally deposit 
volutin may contain ribonucleic acid in a large proportion. There 
are indications that the ribonucleic acid metabolism is of less im- 
portance in the cells of higher plants and animals than in bacteria, 
so that an agent which specifically inhibits the formation of ribo- 
nucleic acid would not be of high toxicity, at least to adult animals, 
and would considerably increase the susceptibility of the bacterial 
cell to the action of body fluids or of chemotherapeutic agents. In- 
deed the action of penicillin on bacteria—formation of cells of 


abnormal morphology, interference with cell division, tendency to 
render Gram-positive bacteria Gram-negative (for the literature 
see the section on form and size)—suggests that penicillin may 
partly act as such an agent. It seems, therefore, that a rational 
approach to chemotherapy should begin by a study of the metabol- 
ism of the principal phosphorus-containing compounds, particularly 
that of ribonucleic acid. 


BIBLIOGRAPHY 


Apramson, H. A., Moyer, L. S., and Gorrn, M. H. 1942. Electrophoresis 
of proteins. 

Avotpu, E. F., and BAyNE-Jones, S. 1932. Growth in size of micro-organ- 
isms measured from motion pictures. II. Bacillus megatherium. 
Jour. Cell. Comp. Physiol. 1: 409-427. 

ALLEN, L. A., AppLesy, J. C., and Worr, J. 1939. Cytological appearances 
in a spore-forming bacillus. Evidence of meiosis. Zentr. Bakt. 
Parasitenk. II. 100: 3-16. 

Attyn, W. P. and Batpwin, I. L. 1930. The effect of the oxidation-reduc- 
tion character of the medium on the growth of an aerobic form of 
bacteria. Jour. Bact. 20: 417-437. 

and . 1932. Oxidation-reduction potentials in relation 
to the growth of an aerobic form of bacteria. Jour. Bact. 23: 369-398. 

ALTURE-WeEnreER, E., LipscuitTz, R., KASHDAN, F., and Rosensiatt, P. 1945. 
The effect of incompletely inhibitory concentrations of penicillin on 
Escherichia coli. Jour. Bact. 50: 291-295 








142 THE BOTANICAL REVIEW 


ANGERER, R. von 1938. Untersuchungen tiber die Ursachen den Resistenz von 
Bazillensporen. Arch. Hyg. Bakt. 121: 12-55. 

BapiAn, J. 1933. Eine cytologische Untersuchung uber das Chromatin und 
den Entwicklungszyklus der Bakterien. Arch. Mikrobiol. 4: 409-418. 

. 1935. Sur la cytologie du Bacillus megatherium. Acta Soc. Bot. 
Poloniae 12: 69-74. 

BARTHOLOMEW, J. W. 1946. Gram-positive characteristics of Neisseria. 

Jour. Bact. 51: 584-585. 
and Umpreir, W. W. 1944. Ribonucleic acid and the Gram stain. 
Jour. Bact. 48: 567-578. 

Baytor, M. B., APPLEMAN, M. D., Sears, O. H., and Crark, G. L. 1945. 
Some morphological characteristics of nodule bacteria as shown by the 
electron microscope. II. Jour. Bact. 50: 249-256. 

BayNE-JonEs, S., and ApotpH, E. F. 1932a. Growth in size of micro- 
organisms measured from motion pictures. I. Yeast, Saccharomyces 
cerevisiae. Jour. Cell. Comp. Physiol. 1: 387-407. 

and . 1932b. Growth in size of micro-organisms 
measured from motion pictures. III. Bacterium coli. Jour. Cell. 
Comp. Physiol. 2: 329-348. 

and SANDHOLzER, L. A. 1933. Changes in the shape and size of 
Bacterium coli and Bacillus megatherium under the influence of bac- 
teriophage—A motion photo-micrographic analysis of the mechanism 
of lysis. Jour. Expt. Med. 57: 279-304. 

BeKKer, J. H. 1944-45. The antigenic properties of bacterial spores. An- 
tonio von Leeuwenhoek’s Jour. Microbiol. Serol. 10: 67-70. 

Borvin, A., and MEsropEANU, L. 1938a. Les antigénes somatiques et 
flagellaires des bactéries. Ann. Inst. Pasteur 61: 426-478. 

and . 19385. Sur la résistance a l’acide trichloracétique 
de l’antigéne flagellaire (antigéne H) du bacille typhique et sur la 
nature chimique possible de cet antigéne. Compt. Rend. Soc. Biol. 
(Paris) 129: 136-138. 

Bovarnick, M. 1942. The formation of extracellular d(-) glutamic acid 
polypeptide by Bacillus subtilis. Jour. Biol. Chem. 145: 415-424. 

Brappury, F. R., and Jorpan, D. O. 1942. The surface behavior of anti- 
bacterial substances. I. Sulfanilamide and related substances. Bio- 
chem. Jour. 36: 287-293. 

Braun, W. 1947. Bacterial dissociation. A critical review of a phenomenon 
of bacterial variation. Bact. Rev. 11: 75-114. 

Brown, H. P. 1945. On the structure and mechanics of the protozoan 
flagellum. Ohio Jour. Sci. 45: 247-278. 

Buck, T. C. 1947. Further studies on Lactobacillus enzymo-thermophilus. 
Jour. Bact. 54: 12. 

Burpon, K. L. 1946. Fatty material in bacteria and fungi revealed by stain- 
ing dried, fixed slide preparations. Jour. Bact. 52: 665-678. 
Cavatu, L. L. 1945. Contributo al problema del nucleo batterico. Osser- 
vazione supermicroscopica e analisi biofisica con raggi x in B. coli. 

Atti Ist. Bot. Univ. V. 6: 3-25. 

Cuan, E., and Dutuie, E. S. 1945. Bactericidal and bacteriolytic action of 
penicillin on the staphylococcus. Lancet 248: 652-657. 

Cuance, H. L. 1938. Mitosis-like activity in Bacillus sp. A preliminary 
report. Jour. Bact. 35: 347-350. 

CurisTIAn, M. I. 1931. A contribution to the bacteriology of commercial 
sterilized milk. Part II. _ The coconut or carbolic taint. A study of 
the causal organism and the factors governing its spore-formation. 
Jour. Dairy Res. 3: 113-132. 

CrarkK, P. F., and Ruent, W. H. 1919. Morphologic changes during the 
growth of bacteria. Jour. Bact. 4: 615-629. 











CYTOLOGY OF BACTERIA, II 143 


CoHEeN, S. S. 1945. The chemical alteration of a bacterial surface with 
special reference to the agglutination of B. proteus OX- 19. Jour. 
Exp. Med. 82: 133-142. 
Cook, R. P. 1931. Some factors influencing spore formation in B. subtilis 
and the metabolism of its spores. Zentr. Bakt., Parasitenk. I. Orig. 
122: 329-335. 
Curran, H.R. 1931. Influence of osmotic pressure upon spore germination. 
Jour. Bact. 21: 197-209. 
BruNSETTER, B. C., and Myers, A. T. 1943. Spectrochemical 
analysis of vegetative cells and spores of bacteria. Jour. Bact. 45: 
485-494. 
and Evans, F. R. 1937. The importance of enrichments in the 
cultivation of bacterial spores previously exposed to lethal agencies. 
Jour. Bact. 34: 179-189, 
and . 1945. Heat activation inducing germination in 
the spores of thermotolerant and thermophilic aerobic bacteria. Jour. 
Bact. 49: 335-346. 
Devaporte, B. 1934. Sur la structure et le processus de sporulation de 
ee ge Guilliermondi. Compt. Rend. Acad. Sci. (Paris) 198: 
187-1189. 
1935. Recherches sur la cytologie des bacilles de l’intestin des 
tétards. Compt. Rend. Acad. Sci. (Paris) 201: 1409-1411. 
. 1936a. Nouvelles recherches sur la cytologie des bactéries. 
Compt. Rend. Acad. Sci. (Paris) 202: 1382-1384. 
. 1936b. Recherches cytologiques sur le groupe des coccacées. 
Compt. Rend.’ Acad. Sci. (Paris) 203: 199-201. 
. 1939. Sur les acides nucléiques des levures et leur localisation. 
Rev. Gén. Bot. 51: 449-482. 
1939-40. Recherches cytologiques sur les bactéries et les 
—. Rev. Gén. Bot. 51: 615-643, 689-708, 748-768; 52: 
—160. 
DIeEnEs, L. . “L” Organisms of Kleineberger and Streptobacillus moni- 
liformis. Jour. Inf. Dis. 65: 24-42. 
. 1940. L type of growth in Gonococcus cultures. Proc. Soc. 
Exp. Biol. Med. 44: 470-471. 
1942. The significance of the large bodies and the development 
of L type of colonies in bacterial cultures. Jour. Bact. 44: 37-73. 
. 1943. Reproduction of bacteria from the large bodies of Strepto- 
bacillus moniliformis. Proc. Soc. Exp. Biol. Med. 53: 84-86. 
. 1944. L type of growth in cultures of a hemolytic Parainfluenza 
bacillus. Proc. Soc. Exp. Biol. Med. 55: 142-144. 
. 1945. Morphology and nature of the pleuropneumonia group 
of organisms. Jour. Bact. 50: 441-458. 
. 1946. Complex reproductive processes in bacteria. Cold Spring 
Harbor Symp. Quant. Biol. 11: 51-59. 
. 1947. The morphology of the L: of Klieneberger and its rela- 
tionship to Streptobacillus moniliformis. Jour. Bact. 54: 231-237. 
and SmirH, W. E. 1944. The significance of pleomorphism in 
Bacteroides strains. Jour. Bact. 48: 125-153. 
Dosett, C.C. 1911. Contributions to the cytology of bacteria. Quart. Jour. 
Micr. Sci. 56: 395-506. 
Dustin, I. N. and Smarr, D. G. 1944. Comparison of the morphology of 
Bacillus megatherium with light and electron microscopy. Jour. 
Bact. 48: 313-330. 
Dupos, R. J. 1929a. Observations on the oxidation-reduction properties of 
sterile bacteriological media. Jour. Exp. Med. 49: 507-523. 
1929b. The initiation of growth of certain facultative anaerobes 
as related to oxidation-reduction processes in the medium. Jour. 
Exp. Med. 49: 559-573. 








THE BOTANICAL REVIEW 


. 1939. Enzymatic analysis of the antigenic structure of pneumo- 
cocci. Ergeb. Enzymforsch., Leipzig, Akad. Verlagsgesel. M.B.H. 


The bacterial cell. 
and Avery, O. T. 1931. Decomposition of the capsular poly- 
saccharide of pneumococcus type III by a bacterial enzyme. Jour. 
Exp. Med. 54: 51-71. 
and Macteop, C. M. 1938. The effect of a tissue enzyme upon 
pneumococci. Jour. Exp. Med. 67: 791-797. 

Durrenoy, J. and Pratt, R. 1947. Cytochemical mechanism of penicillin 
action. III. Effect on reaction to the Gram stain. Jour. Bact. 54: 
283-289. 

Dutky, S. R. 1933. Reported by Knaysi, 1938. 

————. 1947. Preliminary observations on the growth requirements of 
Bacillus popilliae Dutky and Bacillus lentimorbus Dutky. Jour. 
Bact. 54: 267. 

Dyar, M. T. 1947a. A cell wall stain employing a cationic surface-active 
agent as a mordant. Jour. Bact. 53: 498. 

. 1947b. Studies on the surface lipids of Micrococcus aureus. 
Jour. Bact. 54: 17. 

1947c. Electrophoretic studies on the chemical nature of bac- 

terial surfaces. Doctor’s thesis, Cornell Univ. 

and Knays!, G. 1947. Reported in Dyar, 1947c. 

and OrpaL, E. J. 1946. Electrokinetic studies on bacterial sur- 
faces. I. The effects of surface-active agents on the electrophoretic 
mobilities of bacteria. Jour. Bact. 51: 149-167. 

Errront, j. 1914. Les catalyseurs biochimiques dans la vie et dans l’in- 
dustrie. 

Etuis, D. 1932. Sulphur bacteria. 

ENpDERLEIN, G. 1925. Bakterien-Cyclogenie. 

Esty, J. R. and Wittrams, C. C. 1920. Resistant bacteria causing spoilage 
in canned foods. Abst. Bact. 4: 11. 

ETINGER-TULCZYNSKA, R. 1933. Bakterienkapseln und Quellungsreaktion. 
Zeits. Hyg., Infektionskrankheit 114: 769-789. 

Evans, F. R. and Curran, H. R. 1943. The accelerating effect of sublethal 
heat on spore germination in mesophilic aerobic bacteria. Jour. 
Bact. 46: 513-523. 

FEuLGEN, R. and RossenseckK, H. 1924. Mikroskopischchemischer Nach- 
weis einer Nucleinsaure und die darauf beruhende elektive Farbung 
von Zellkernen in mikroskopischen Praparaten. Zeits. Physik. Chem. 
135: 203-248. 

Fiscuer, A. 1891. Die Plasmolyse der Bakterien. Ber. Verh. Kgl. Sachs. 
Ges. Wiss. Leipzig, Math.-Phys. Cl. 43: 52-74. 

FisHer, A. M. 1946. A study on the mechanism of action of penicillin as 
shown by its effect on bacterial morphology. Jour. Bact. 52: 539-554. 

FLEMING, a Mode of action of chemotherapeutic agents. Lancet 
241: 761. 

FriepMAN, C. A. and Henry, B.S. 1930. Bound water content of vegetative 
and spore forms of bacteria. Jour. Bact. 36: 99-105. 

Garpner, A. D. 1940. Morphological effects of penicillin on bacteria. 
Nature 146: 837. 

Garrop, L. a" 1945. The action of penicillin on bacteria. Brit. Med. Jour. 
1: 107-110. 

Gay, F. P. and Crarx, A. R. 1937. On the mode of action of sulfanilamide 
= experimental Streptococcus empyema. Jour. Exp. Med. 66: 535- 
548. 

Greson, T. and Appet-Marex, Y. 1945. The formation of carbon dioxide 
by lactic acid bacteria and Bacillus licheniformis and a cultural 
method of detecting the process. Jour. Dairy Res. 14: 35-44. 














CYTOLOGY OF BACTERIA. II 145 


GowEN, J. W. and Lincotn, R. E. 
Jour. Bact. 44: 551-554. 

Greene, H. C. 1938. Colony organization of certain bacteria with refer- 
ence to sporulation. Jour. Bact. 35: 261-270. 

Gutstein, M. 1924. Das Ektoplasma der Bakterien. I. Ueber eine allge- 
meine Methode zur Darstellung des Ektoplasmas der Grampositiven 
Bakterien. Zentr. Bakt. Parasitenk. I. Orig. 93: 393-402. 

Haptey, P. 1928. The Twort-d’Herelle phenomenon. A critical review and 
presentation of a new conception (homogamic theory) of bacterio- 
phage action. Jour. Inf. Dis. 42: 263-434. 

Hansy, W. E. and Rypon, H. N. 1946. The capsular substance of Bacillus 
anthracis. Biochem. Jour. 40: 297-307. 

Haywarp, A. FE. 1943. Some physiological factors in spore production. 
Jour. Bact. 45: 200. 

, Marcuetta, J. A. and Hutton, R. S. 1946. Strain variation 
as a factor in the sporulating properties of the so-called Bacillus 
globigii. Jour. Bact. 52: 51-54. 

HEIDELBERGER, M., KENDALL, F. E. and ScHerp, H. W. 1936. Specific poly- 
saccharides of type I, II, and III pneumococcus; revision of methods 
and data. Jour. Exp. Med. 64: 559-572. 

Henrict, A. T. 1928. Morphologic variation and the rate of growth of 
bacteria. 

Henry, B. S. and Frrepman, C. A. 1937. The water content of bacterial 
spores. Jour. Bact. 33: 323-329. 

Henry, H. and Stacey, M. 1943. Histochemistry of the Gram-staining re- 
action. Nature 151: 671. 


1942. A test for sexual fusion in bacteria. 








and - . 1946. Histochemistry of the Gram-staining re- 
action for microorganisms. Proc. Royal Soc., London, B, 133: 
391-406. 


Hiuurer, J. and Knaysr, G. 1947a. A study with the electron microscope 
of the origin of flagella in Bacillus mycoides. To be published. 

and . 19476. Unpublished. 

Hossy, G. L., and Dawson, M. H. 1944. Effect of rate of growth of bac- 
teria on action of penicillin. Proc. Soc. Exp. Biol. Med. 56: 181-184. 

, Meyer, K. and CHAFFEE, E. 1942. Observation on the mechan- 
ism of action of penicillin. Proc. Soc. Exp. Biol. Med. 50: 281-285. 

Hopnce, H. M. and Knays1, G. 1937. In Knaysi, 1944. 

Horer, A. W. 1944. Electron microscope studies on Azotobacter flagellation 
and Rhizobium bacteriophage. Jour. Bact. 47: 415-416. 

HoocerHeipe, J. C. 1939. Studies on capsule formation. I. The condition 
pac! which Klebsiella pneumoniae forms capsules. Jour. Bact. 38: 
367-388. 

1940. Studies on capsule formation. II. The influence of elec- 
trolytes on capsule formation by Klebsiella pneumoniae. Jour. Bact. 
39: 649-658. 

Howtr, J. W. and CruicKsHANK, J. 1940. Bacterial spores as antigens. 
Jour. Path. Bact. 50: 235-242. 

Hoyt, A. 1935. Studies upon growth phases of Clostridium septicum. Jour. 
Bact. 30: 243-251. 

Hutcuinson, W. G., and McKrAcKen, M. R. 1943. Study of flagella of a 
fresh water bacterium by motion microphotography and electron 
micrography. Jour. Bact. 45: 305. 

ImMSENECKI, A. 1940. [Structure of bacteria]. [Soviet Academy of Sci- 
ence]. [In Russian]. 

_ On the structure of anaerobic bacteria. Jour. Bact. 49: 





1-5. 
Ivanovics, G. 1937. Unter welchen Bedingungen werden bei der Nahr- 
bodenziichtung der Milzbrandbazillen Kapseln gebildet. Zentr. Bakt. 
Parasitenk. I. Orig. 138: 449-455. 






THE BOTANICAL REVIEW 


1938. Das kulturelle Verhalten des Bacillus mesentericus vul- 
gatus mucosus, insbesondere in Bezug auf die Produktion der P-Sub- 
stanz. Zentr. Bakt. Parasitenk. I. Orig. 142: 52-64. 
1939. Das Schicksal der Kapselsubstanz (P-Substanz) der 
Milzbrandbazillen im Organismus. Zeits. Immunitatsforsch. 96: 408— 
412. 
Jounson, F.H. 1944. Observations on the electron microscopy of B. cereus, 
and tyrothricin action. Jour. Bact. 47: 551-557. 
and Dennison, W. L. 1944. The volume change accompanying 
the Quellung reaction of pneumococci. Jour. Immunol. 48: 317-323. 
, ZWORYKIN, N. and WarrEN, G. 1943. A study of luminous 
bacterial cells and cytolysates with the electron microscope. Jour. 
Bact. 46: 167-185. 
Kapan, I. and WitttaMs, J. W. 1941. Spore formation among the an- 
aerobic bacteria. I. The formation of spores by Clostridium sporo- 
genes in nutrient agar media. Jour. Bact. 42: 265-282. 
KinG, R. L. and Beams, H. W. 1942. Ultracentrifugation and cytology of 
Spirillum volutans. Jour. Bact. 44: 597-603. 
KLIENEBERGER-NOBEL, E. 1945. Changes in the nuclear structure of bacteria, 
tuberculosis. Jour. Inf. Dis. 45: 13-33. 
Kwnays!I, G. 1929. The cytology and microchemistry of Mycobacterium 
tuberculosis. Jour. Inf. Dis. 45: 13-33. 
. 1930. The cell structure and cell division of Bacillus subtilis. 
Jour. Bact. 19: 113-115. 
. 1933. Morphological and cultural studies of Bacillus megather- 
ium with special reference to dissociation. Jour. Bact. 26: 623-644 
1935a. Further observations on certain variants of Bacillus 
megatherium. Jour. Bact. 29: 389-390. 
. 1935b. The effect of temperature, pH, and salts on the oxida- 
tion-reduction potential of sterile meat infusion broth. Unpublished. 
1938. Cytology of bacteria. Bot. Rev. 4: 83-112. 
. 1940. A photomicrographic study of the rate of growth of some 
yeasts and bacteria. Jour. Bact. 40: 247-253. 
1941a. Observations on the cell division of some yeasts and 
bacteria. Jour. Bact. 41: 141-150. 
. 19416. A morphological study of Streptococcus fecalis. Jour. 
Bact. 42: 575-586. 
A nucleus-like structure in a Staphylococcus. Science 


The demonstration of a nucleus in the cell of a Staphylo- 

coccus. Jour. Bact. 43: 365-385. 

1943a. A cytological and microchemical study of Thiobacillus 
thiooxidans. Jour. Bact. 46: 451-461. 

. 1943b. Unpublished. 

1944. Elements of bacterial cytology. 

1945a. On the origin and fate of the fatty inclusions in a strain 
of Bacillus cereus. Science 102: 424. 

1945b. On the microscopic methods of measuring the dimen- 
sions of the bacterial cell. Jour. Bact. 49: 375-381. 

1945c. A study of some environmental factors which control 
endospore formation by a strain of Bacillus mycoides. Jour. Bact. 
49 : 473-493. 

-. 1945d. Investigation of the existence and nature of reserve ma- 
terial in the endospore of a strain of Bacillus mycoides by an indirect 
method. Jour. Bact. 49: 617-622. 

1946a. On the existence, morphology, nature, and functions of 
— cytoplasmic membrane in the bacterial cell. Jour. Bact. 51: 113- 
121. 





CYTOLOGY OF BACTERIA. II 147 


. 1946b. Further observations on the nuclear material of the 

bacterial cell. Jour. Bact. 51: 177-180. 

. 1946c. On the process of sporulation in a strain of Bacillus 

cereus. Jour. Bact. 51: 187-197. 

. 1946d. On the inclusions of Hansenula anomala. Jour. Bact. 

52: 487-488. 

1947a. Germination of the endospores of Bacillus mycoides in 
a nitrogen-free medium and some properties of the developed cells. 
To be published. 
. 1947b. Unpublished. 
and Baker, R. F. 1947a. Demonstration, with the electron 
microscope, of nucleus-like bodies in cells of Bacillus mycoides grown 
in nitrogen-free media. Jour. Appl. Physics 18: 271-272. 
and . 1947b. Demonstration, with the electron micro- 
scope, of a nucleus in Bacillus mycoides grown in a nitrogen-free 

medium. Jour. Bact. 53: 539-553. 

and Hituer, J. 1947. A study, with the high-voltage 
electron microscope, of the life cycle and structure of the endospore in 
Bacillus mycoides. Jour. Bact. 53: 525-537. 

and GunsA.us, I. C. 1944. A study of the so-called Marburg 
and the Lawrence and Ford strains of Bacillus subtilis. Jour. Bact. 
47: 381-389. 

and Hixirer, J. 1947. Germination of the endospore of Bacillus 
megatherium and the structure of the spore coat as seen with the 
electron microscope. To be published. 

and Mupp, S. 1943. The internal structure of certain bacteria as 
revealed by the electron microscope—a contribution to the study of the 
bacterial nucleus. Jour. Bact. 45: 349-359. 

KraMAr, E. 1921. Untersuchungen tber die chemische Beschaffenheit der 
Kapselsubstanz einiger Kapselbakterien. Zentr. Bakt. Parasitenk. 
I. Orig. 87: 401-406. 

Krauskopr, E. J. and McCoy, E. 1937. The serology of spores of Bacillus 
ge special reference to the H antigen. Jour. Inf. Dis. 61: 
251-256. 

LaMANNA, C. 1937. The role of the coat in the resistance to moist heat 
of bacterial endospores as indicated by modes of germination. Mas- 
ter’s Thesis, Cornell Univ. 

1940a. The taxonomy of the genus Bacillus. Modes of spore 
germination. Jour. Bact. 40: 347-360. 

. 19406. The taxonomy of the genus Bacillus. II. Differentia- 
tion of small celled species by means of spore antigens. Jour. Inf. 
Dis. 67: 193-204. 

1940c. The taxonomy of the genus Bacillus. III. Differentia- 
tion of the large celled species by means of spore antigens. Jour. 
Inf. Dis. 67 : 205-212. 
. 1942a. Relation of maximum growth temperature to resistance 
to heat. Jour. Bact. 44: 29-35. 
1942b. The status of Bacillus subtilis, including a note on the 
—* of precipitinogens from bacterial spores. Jour. Bact. 44: 
611-617. 
1946. The nature of the acid-fast stain. Jour. Bact. 52: 99-103. 
-—————.. 1947. Personal Communication. 

Lasseur, P., Duparx, A. and Greorces, L. 1932. Influence des électrolytes 
sur les variations de volume des corps microbiens determinées par 
le sulfocyanure de potassium. Trav. Labor. Microbiol. Faculté 
Pharm. Nancy. Fasc. 5, 99-104. 

LEDERBERG, J., and Tatum, E. L. 1946. Gene recombination in Escherichia 
coli. Nature 158: 558. 








Rh ag 2 ety So 
TE oe : . 4 
ee Sin ie on ni 


= 
pens 


aE inn IP in 
er ee ae 


Sat oT Re 
ai as 





148 THE BOTANICAL REVIEW 


Leg, S. W., Fotey, E. J. and Epstein, J. A. 1944. Mode of action of peni- 
cillin. I. Bacterial growth and penicillin activity-Staphylococcus 
aureus F.D.A. Jour. Bact. 48: 393-399. 

Lewis, I. M. 1941. The cytology of bacteria. Bact. Rev. 5: 181-230. 

————.. 1942. The cytology of bacteria. Chron. Bot. 7: 249-250. 

Locxwoop, J. S. 1938. Studies on the mechanism of action of sulfanilamide. 
The effect of sulfanilamide in serum and blood on hemolytic strepto- 
cocci in vitro. Jour. Immunol. 35; 155-193. 

LorcrREN, R. and Sout, M. H. 1945. The structure of Spirochaeta novyi 
as revealed by the electron microscope. Jour. Bact. 50: 679-690. 

Lounis, F. 1921. Studies upon the life cycles of the bacteria. Nat. Acad. 
Sci., Mem. 16 (2d Mem.) 252 pp. 

Lominsky, I. and LENpruM, A. C. 1942. The effect of surface-active agents 
on B. proteus. Jour. Pathol. Bact. 54: 421-433. 

Lownpes, A. G. 1941. On flagellar movement in unicellular organisms. 
Proc. Zool. Soc. London 111A: 111-134. 

Luria, > 1947. Recent advances in bacterial genetics. Bact. Rev. 11: 
—40. 

MACTEREWICz-STRACZzYNSKA. 1937. Dziatania Temperatury i pH na Kiel- 
kowanie Spor Bakterii. (Wirkung von Temperatur und pH auf die 
Keimung von Bakteriensporen). Acta Soc. Bot., Poloniae 14: 371- 


MateK, I. 1938. Sur la présence de l’antigéne Vi dans les différentes 
souches d’Eberthella typhi. II. Influence de l’antigéne H d’Eber- 
thella typhi sur la flocculation par les ions H. III. Influence de 
lantigéne Vi sur la flocculation d’Eberthella typhi par les ions H. 
IV. Influence de l’antigéne O sur la flocculation d’Eberthella typhi 
par les ions H. V. Les propriétés antigéniques de la souch « R O» 
et ses relations avec les souches O et H d’Eberthella typhi. Compt. 
Rend. Soc. Biol. 129: 785-788, 795-804. 

McCiean, D. 1941. The capsulation of streptococci and its relation to dif- 
— factor (hyaluronidase). Jour. Pathol. Bact. 53: 13-27, 156— 

8 


. 1942. The in-vivo decapsulation of streptococci by hyaluroni- 
dase. Jour. Pathol. Bact. 54: 284-286. 

Metton, R. R. 1925. Studies in microbic heredity. I. Observations on a 
primitive form of sexuality (zygospore formation) in the colon- 
typhoid group Jour. Bact. 10: 481-511. 

Metzner, P. 1920. Zur Mechanik der Geisselbewegung. Biol. Zentr. 40: 


49-87. 
Mitter, C. P. and Foster, A. Z. 1944. Studies on the action of penicillin. 
III. Bactericidal action of penicillin on meningococcus in vitro. Proc. 
Soc. Exp. Biol. Med. 56: 205-208. 
, Scott, W. W. and Moe tter, V. 1944. Studies on the action of 
penicillin. The rapidity of its therapeutic effect on gonococcic ure- 
thritis. Jour. Am. Med. Assoc. 125: 607-610. 
Morcan, H. R. and Becxwitu, T. D. 1939. Mucoid dissociation in the 
colon-typhoid-salmonella group. Jour. Inf. Dis. 65: 113-124. 
Morrison, E. W. and Rertcer, L. F. 1930. Bacterial spores. II. A study 
of bacterial spore germination in relation to environment. Jour. Bact. 
20 : 313-342. 

Morton, H. E. and Anperson, T. F. 1942. Observations on the morphology 
of Leptospira and the Nichols’ strain of Treponema pallidum with the 
aid of the RCA electron microscope. Jour. Bact. 43: 64-65. 

Moyer, L. S. 1936. Changes in electrokinetic potential of bacteria at vari- 
ous phases of the culture cycle. Jour. Bact. 32: 433-464. 

Mupp, S. 1944. Pathogenic bacteria, rikettsias and viruses as shown by the 
electron microscope. II. Relationships to immunity. Jour. Am. 
Med. Assoc. 126: 632-639. 





CYTOLOGY OF BACTERIA, II 149 


and ANpERSON, T. F. 1941. Demonstration by the electron 
microscope of the combination of antibodies with flagellar and somatic 
antigens. Jour. Immunol. 42; 251-266. 
and . 1944. Pathogenic bacteria, rickettsias, and 
viruses as shown by the electron microscope. I. Morphology. Jour. 
Am. Med. Assoc. 126: 561-571 
, Hetnmets, F. and ANperRsoN, T. F. 1943a. Bacterial mor- 
phology as shown by the electron microscope. YI. Capsule, cell-wall 
ory inner protoplasm of pneumococcus type III. Jour. Bact. 46: 








and . 1943b. The pneumococcal swelling 
reaction, studied with the aid of the electron microscope. Jour. Exp. 
Med., 78: 327-332. 
- PoLEVITZKY, K. and ANperson, T. F. 1943. Bacterial mor- 
phology as shown by the electron microscope. V. Treponema palli- 
dum, T. macrodentium and T. microdentium. Jour. Bact. 46: 15-24. 
and Cuamsers, L. A. 1941. Bacterial 
morphology as shown by the electron microscope. II. The bacterial 
cell-wall in the genus Bacillus. Jour. Bact. 42: 251-264. 

Netson, F. E. 1944. Factors which influence the growth of heat-treated 
bacteria. II. Further studies on media. Jour. Bact. 48: 473-477. 

Nert, F. 1940. Beobachtungen tiber den Geisselapparat der Bakterien (mit 
einer neuen Farbungsmethode der Bakteriengeisseln). Zentr. Bakt. 
Parasitenk. I. Orig. 146: 166-176. 

Octutr, K. 1936. Untersuchungen tiber die Geschwindigkeit der Eigenbewe- 
gung von Bakterien. Jap. Jour. Exp. Med. 14: 19-28. 

OconukKI, H. and Miyata, T. 1940. The relationship between the acid ag- 
glutination in Salmonella group. Kitasato Arch. Exp. Med. 17: 





Pesuxov, M. A. 1945. The cytology and karyology of the colon-typhoid 
group. Am. Rev. Soviet Med. 2: 342-348. 
Piekarski, G. 1938. Zytologische Untersuchungen an Bakterien in ultra- 
violetten Licht. Zentr. Bakt., Parasitenk. I. Orig. 142: 69-79. 
1939a. Lichtoptische und ubermikroskopische Untersuchungen 
zum Problem des Bakterienzellkerns. Bericht iiber die I. Gross- 
deutsche Tagung der “Deutschen Vereinigung fir Mikrobiologie”. 
In Zentr. Bakt. Parasitenk. I. Orig. 144: 140-147. 
1939b. Zum Problem des Bakterienzellkerns. 3d Int. Congr. 
Microbiol., N. Y. Abstracts of Communications, s 
. 1940. Ueber kernahnliche Strukturen bei Bacillus mycoides 
Fligge. Arch. Mikrobiol. 11: 406-431. 
and Ruska, H. 1939. Ubermikroskopische Untersuchungen an 
Bakterien unter besonderer Beriicksichtigung der sogenannten Nu- 
cleoide. Arch. Mikrobiol. 10: 302-321. 
Priyper, A. 1938. Dark-ground studies of flagellar and somatic agglutination 
of B. typhosus. Jour. Pathol. Bact. 47: 1-17. 
. 1941a. Dark-ground studies of Vi agglutination of B. typhosus. 
Jour. Pathol. Bact. 53: 431-436. 
. 19415. Microcinematography of the agglutination of typhoid 
bacilli. Jour. Bact. 42: 395-409. 
. 1946. Shape and motility of bacteria. Jour. Pathol. Bact. 58: 


Methylcellulose and bacterial motility. Jour. Bact. 53: 


1947b. Filming as a method of research in microbiology. In 
Antonie van Leeuwenhoek 12: 26-32. 
Porter, K. R. and Yectan, D. 1945. Some artifacts encountered in stained 
preparations of tubercle bacilli. II. Much granules and beads. Jour. 
Bact. 50: 563-575 





150 THE BOTANICAL REVIEW 


Pratt, R. and Durrenoy, J. 1947. Cytochemical mechanisms of penicillin 
action. II. Changes in reactions of Staphylococcus aureus to vital 
dyes. Jour. Bact. 54: 127-133. 
Rantz, L. A. and Kirpy, W. M. M. 1944. The action of penicillin on the 
staphylococcus im vitro. Jour. Immunol. 48: 335-343. 
Reeves, R. E. and ANDERSON, R. J. 1937. The chemistry of the lipides of 
tubercle bacilli. XLVII. The composition of the avian tubercle 
bacillus wax. Jour. Am. Chem. Soc. 59: 858-861. 
Roserts, J. L., 1942. Cytological changes occurring in Clostridium pasteuri- 
anum during spore formation Jour. Bact. 43: 777. 
and Batpwin, I. L. 1942. Spore formation by Bacillus subtilis 
in peptone solutions altered by treatment with activated charcoal. 
Jour. Bact. 44: 653-059. 
Rosrnow, C. F. 1942. A study of the nuclear apparatus of bacteria. Proc. 
Royal Soc. London, B, 130: 299-324. 
. 1944. Cytological observations on Bact. coli, Proteus vulgaris 
and various aerobic sporeforming bacteria with special reference to 
the nuclear structures. Jour. Hyg. Cambridge 43: 413-423. 
. 1945. Nuclear apparatus and cell structure of rod-shaped bac- 
teria. Jn The Bacterial Cell, by R. J. Dubos, 353-377. 
RueEHLeE, G. L. A. 1923. The enzyme content of bacterial spores. Jour. 
Bact. 8: 487-491. 
ScHAUDINN, F. 1902. Beitrage zur Kenntnis der Bakterien und verwandter 
Organismen. I. Bacillus biitschlii n. sp. Arch. Parasitenk. 1: 306- 


. 1903. Beitrage zur Kenntnis der Bakterien und verwandter 
Organismen. II. Bacillus sporonema n. sp. Arch. Protistenk. 2: 
410-444. 

Sevac, M. G., SMoLeNns, J. and Lackman, D. B. 1940. The nucleic acid 
content and distribution in Streptococcus pyogenes. Jour. Biol. Chem. 
134: 523-529. 

SHANAHAN, A. J., EIsENsTARK, A. and TANNER, F. W. 1947. Morphology 
of Escherichia coli exposed to penicillin as observed with the electron 
microscope. Jour. Bact. 54: 183-189. 

SHAw, M. 1937. Decomposition of pneumococcus carbohydrate by the com- 
-_ activity of strains of two bacterial species. Jour. Bact. 33: 644~ 


SHERMAN, J. M. and Wine, H. U. 1937. Attempts to reveal sex in bac- 
teria ; with some light on fermentative variability in the coli-aerogenes 
group. Jour. Bact. 33: 315-321. 

S1cKLEs, G. M. and SHaw, M. 1933. Microorganisms which decompose the 
specific carbohydrate of pneumococcus types II and III. Jour. Inf. 
Dis. 53: 38-43. 

SirH, L. D. and Hay, T. 1942. Effect of penicillin on the growth and 
se of Staphylococcus aureus. Jour. Franklin Inst. 233: 


Situ, W. E., Hitter, J. and Mupp, S. 1946. Electron microscope studies 
of organisms of the pleuropneumonia group. Jour. Bact. 51: 583- 
584 


Sranier, R. Y. 1942. A note on elasticotaxis in myxobacteria. Jour. Bact. 
44: 405-412. 

Stapp, C. and Zycua, H. 1931. Morphologische Untersuchugen an Bacillus 
mycoides; ein Beitrag zur Frage des Pleomorphismus der Bakterien. 
Arch. Mikrobiol. 2 : 493-536. 

seems ay 1946. Lipid production by a soil yeast. Jour. Bact. 51: 


STEARNS, T. W. and RoerKe, M. H. 194la. Electrophoresis studies on 
Rrucella. Jour. Bact. 42: 411-430. 








CYTOLOGY OF BACTERIA, II 151 





and . 1941b. The effect of dissociation on the electro- 
phoretic mobility of Brucella. Jour. Bact. 42: 745-755. 

STILLE, B. 1937. Zytologische Untersuchungen an Bakterien mit Hilfe der 
Feulgenschen Nuclealreaktion. Arch. Mikrobiol. 8: 125-148. 
StopoLa, F. H., Lesux, A. and ANDERSON, R. J. 1938. The chemistry of the 
lipids of tubercle bacilli. LIV. The isolation and properties of my- 

colic acid. Jour. Biol. Chem. 126: 505-513. 

Tarr, H. L. A. 1933. Some observations on the respiratory catalysts pres- 
ent in the spores and vegetative cells of certain aerobic bacilli. 
Biochem. Jour. 27: 136-145. 

Tatum, E. L. and Leperserc, J. 1947. Gene recombination in the bacterium 
Escherichia coli. Jour. Bact. 53: 673-684. 

THEOPHILUS, D. R.. 1937. Influence of growth temperature on the thermal 
resistance of some aerobic spore forming bacteria from evaporated 
milk. Panegyric B. W. Hammer. College Press, Inc., Ames, Iowa. 

Tuomas, A. R., Jr. and Levine, M. 1945. Some effects of penicillin on in- 
testinal bacteria. Jour. Bact. 49: 623-627. 

Topp, E. W. 1945. Bacteriolytic action of penicillin. Lancet 248: 74-78. 

TunnicuiFF, R. 1939. The action of prontosil-soluble and sulfanilamide on 
the phagocytic activity of leukocytes and on the dissociation of 
streptococci. Jour. Inf. Dis. 64: 59-65. 

Utiricu, H. 1926. Uber die Bewegungen von Beggiatoa mirabilis und Os- 
cillatoria Jenensis. I. Planta 2: 295-324. 

VENDRELY, R. and Liparpy, J. 1946. Acides nucléiques et noyaux bac- 
teriens. Compt. Rend. Acad. Sci. (Paris) 223: 342-344. 

VirTANEN, A. I. and PutkKx1, L. 1933. Biochemische Untersuchungen iber 
Bakteriensporen. Arch. Mikrobiol. 4: 99-122. 

WAmoscuer, L. 1930. Versuche tber die Struktur der Bakterienzelle. 
Zeits. Hyg. Infektionsk. 111: 422-460. ] 

Wess, L. J. 1943. Electron micrographs of bacteria medicated with peni- 
cillin. Proc. Indiana Acad. Sci. 52: 27-29. 

Wie, U. J. and Kearney, E. B. 1943. The morphology of Treponema pal- 
lidum in the electron microscope: Demonstration of flagella. Jour. 
Am. Med. Assoc. 122: 167-168. 

, Prcarp, R. G. and Kearney, E. B. 1942. The morphology of 
Spirochaeta pallida in the electron microscope. Jour. Am. Med. 
Assoc. 119: 880-881. 

Woop, W. B., Woop, M. L. and BAtpwin, I. L. 1935. The relation of oxida- 
tion-reduction potential to the growth of an aerobic microorganism. 
Jour. Bact. 30: 593-602. 

Wourmser, R. 1930. Oxydations et réductions. 

Yectan, D. and Batspen, L. 1942. Factors affecting the beading of the 
tubercle bacillus stained by the Ziehl-Neelsen technique. Jour. Bact. 
44: 667-672. 

and Porter, K. R. 1944. Some artifacts encountered in stained 
preparations of tubercle bacilli. I. Non-acid-fast forms arising from 
mechanical treatment. Jour. Bact. 48: 83-91. 














TRIARCH BOTANICAL PRODUCTS 


Fine Microscope Slides for Critical Botanists 


* * * *& & 


Nothing can take the place of a good microscope slide in 
botany instruction, especially to show clearly that struc- 
ture is a basis for function. However, the slide must be 
good, even though it is not perfect. If the slide can be 
beautiful as well as clear, it becomes a fine piece of teach- 
ing equipment. 


TRIARCH slides, we believe, embody these points more 
completely than any other slides on the market, as we stain 
them regularly with our famous quadruple combination of 
safranin, crystal violet, fast green and gold orange, unex- 
celled for tissue differentiation. Also, as we stain all 
sections by the same schedule, our slides give you com- 
parative checks on age and development of tissues. Many 
cytological points are emphasized by Triarch stain, and 
host-parasite relations are clearly demonstrated in patho- 
logical tissues. 


Increasing numbers of botanists are realizing the teaching 
value of Triarch slides, together with the convenience of 
Triarch accuracy and prompt service, as evidenced by the 
fact that we are now shipping out more than 10,000 slides 
per month. Over 650 colleges and universities in 19 dif- 
ferent countries are now counted among our customers. 


If you are not already one of our patrons, send for our 
current catalog, No. 7, which lists over 350 regular catalog 
items, heavily stocked, together with many supplementary 
structures for special orders. 


* * * *& 


Geo. H. Conant 


Triarch Botanical Products :-: Ripon, Wisconsin 

















laboratory microscopy | 





@ You fee/ the difference .. . You 
see the difference . . . from the first 
moment you begin to focus a new 
Bausch & Lomb BAY Laboratory 
Microscope. 
You obtain proper adjustment 
faster, more accurately, with less 
effort ... superlative performance 
resulting from advanced mechan- 
ical features such as the varia- 
ble focus condenser, thread- 
less cell lens mounts, nose 
piece with roller bearing 
stop, coarse adjustment 
with matched rack and 
pinion, and patented 
lever fine adjustment. 
Mostimportant, you 
see better. Images of 
unmatched clarity 
and sharpness are 
provided by the world’s 
finest optical system. 

Before you buy a new laboratory 
microscope be sure to see the 

Bausch & Lomb BAY. 


WRITE for a demonstration to 
Bausch & Lomb Optical Co.,708-B 
St. Paul St., Rochester 2, N.Y. 

















Outstanding MeGraw- Hell Books 








EEE 


HORMONES AND HORTICULTURE. The Use of Special 
Chemicals in the Control of Plant Growth 


By Gerorce 8S, Avery, JR., Brooklyn Botanic Garden; and ELIZABETH B. 
JOHNSON, formerly of Connecticut College. McGraw-Hill Publications in the 
Botanical Sciences. 326 pages, $4.50 


The important new applications of special chemicals to the control of plant growth 
are fully outlined in this timely manual. Application of the growth-controlling 
hormones to cuttings, fruit production, pre-harvest crop control, production of new 
varieties, seedless fruit production, and many other growth phenomena are dis- 
cussed in detail, and popular misconceptions regarding hormone use in the control 
of plant growth are clarified. 


INTRODUCTION TO PALEOBOTANY 


By CHESTER A. ARNOLD, University of Michigan. McGraw-Hill Publications in 
the Botanical Sciences. 427 pages, $5.50 


Meets the urgent need for an up-to-date, comprehensive text on the subject. The 
approach is botanical rather than geological, and emphasis is placed upon those 
fossil plants found in the New World. Relation and classification of ancient plants 
to the major categories are stressed throughout, and the influence of paleobotanical 
discoveries upon classification is emphasized. 


FOREST PATHOLOGY. New 2nd edition 


By Joun 8. Boyce, Department of Forestry, Yale University. 526 pages, $6.00 


This successful book has been thoroughly revised. Much of it has been entirely re- 
written to include a wealth of information on such topics as salt spray injury, 
Phymatotrichum root rot, phloem necrosis of elm, Adelopus needle cast of Douglas 
fir, septoria canker of poplars, canker stain of planetree, oak wilt, mimosa wilt, 
persimmon wilt, and several other rots. New material has been included on the 
prevention and control of the deterioration of wood in service. 


FLOWERS AND FLOWERING PLANTS 


By Raymonp J. Poo., University of Nebraska. McGraw-Hill Publications in 
the Botanical Sciences. Second edition. 428 pages, $4.50 


An introduction to the nature and work of flowers and the classification of flowering 
plants. The second edition contains a new chapter describing the more common 
characteristics of roots, stems, and leaves—all fully illustrated. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street New York 18, N. Y. 











Future Contents of 
THE BOTANICAL REVIEW 


Articles recewed and awaiting publication 


Recent Developments in Seed Technelogy 
Susedins for Resistance to santa and Verti- 
Wilts eee eee eee eee 
Germination Inhibitors ........... cccccccccescoces 
The Reactions of Bacterial Viruses with Their 
Host Cells 


Theoretical Aspects of Graftage 


ed of Minor Elements on the Physiology of 


The Development of Root Hairs in Angiosperms . 


Natural Hybridization with Particular Reference 
to Introgression 


R. H. Porter 
Towa State College 


Cc. D. SHERBAKOFF 
University of Tennessee 


MICHAEL EVENARI 
Hebrew University, Jerusalem 


THOMAS F. ANDERSON 
University of Pennsylvania 


R. H. Ros BERTS 
University of W 


D. PERLMAN 
Princeton, N. J. 


E. M. SToppARD 
an 
A. E. Dimonp 


Connecticut Agricultural 
Eaperiment Station 


R. G. H. CorMackK 
University of Alberta 


Cc. B. HEetser, Jr. 
Indiana University 





